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FIG. 1-Looking southwest over the south part of Camp Dodge above the 
Arsenal, a nd across Beaver valley. The slope in the foreground is 
fairly steep. Note the tent camp in the middle distance a n d the gently 
ris ing w est wall of Beaver valley across the level, f ertile floor, also the 
even skyline m a rking the upla nd plain. 
ITIG. 2-Looking southwest across the north end of Camp D odge and over 
~eaver valley. The s lope of the ridge in the foreground is g;entler than 
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LETTER OF TRANSMITTAL 
IOWA GEOLOGICAL SURVEY 
To Governor Williwm L. Harding and Members . of the Geologicai 
Board: 
Gentlemen: I submit herewith a report entitled ''A Description 
of the Region about Camp Dodge", and recommend that it be pub-
lished as a special bulletin of the Iowa Geological Survey. 
In this report there will be found descriptions and interpre-
tations of the topography and 1geology of the region in which 
thousands of the young· men of our state and other states are re-
ceiving their military training for service beyond the seas. It is 
hoped that the information which is presentet1 together with 
the topographicmap which accompanies the report, will enable the 
soldiers and other persons to understand more fully than they 
otherwise could have done the influence of the natural features 
of the region upon military training and maneuvering, and upon 
many of the other activities of the camp. The report should s·erve 
also to emphasize the well known fact that wherever military 
operations are being carried on and war is being waged there is 
an intimate relationship between the topography and geology of 
the region and the movements of the armies. The mountain, the 
hill, the cliff, the plain, the valley, the swamp, the soil, the under-
lying rock, each of these plays its part in connection with the 
activities of artillery, of cavalry, and of infantry, the digging of 
trm1ches, the furnishing of water supply, and in many other ways. 
The report was prepared by Dr. James H. Lees, Assistant State 
Geologist. Similar reports ·have been undertaken at various army 
camps throughout the United States at the suggestion of the Geol-
ogy and Paleontology Committee of the National Research Council 
after conference with prominent military men. 
Respectfully siibmitted, 
GEORGE F. KAY, Stafo Geologist. 

A DESCRIPTION OF THE REGION ABOUT CAMP DODGE 
INTRODUCTION 
The region about Camp Dodge, or more exactly, the vicinity of 
Des Moines, has a certain military interest because here was lo-
cated one of the early army posts which preceded and accom-
panied the permanent settlement of the Des Moines valley and 
the bordering upland prairies. In order to prevent disturbances 
between the h·ostile Indian tribes of central Iowa and also to check 
the activities of a band of outlaws which was committing depre-
dations i~ the vicinity, the War Department in 1842 issued 
orders for the establishment of a military post at the junction of 
Des Moines and RacCO'On rivers. Captain Jam es Allen of the 
First United States Dragoons ascended the river from Fort Sand-
ford, near the present site of Ottumwa, in November of the same 
year and selected a location for the proposed post. In the spring 
of 1843 . Captain Allen returned with a company of infantry and 
one of cavalry and established the fort along the west bank of the 
Des Moines near the present line of Second Street. He named the 
post Fort Raccoon, but General Scott did not approve ·of this 
name and ordered it changed to Fort Des Moines. This post 
was maintained until 1846, by which time the Indians had ceded 
their lands to the government and had moved beyond Mis-
souri river. The Indian lands were then opened to settlement and 
the fort was abandoned. The Daughters of the American Revolu-
tion maintain a stone monument here and a flag still floats over 
the former site of old Fort Des Moines. 
A second military post was established near Des Moines only 
a few years ago, chiefly through the untiring efforts and personal 
influence of Captain J. A. T. Hull, who for twenty years repre-
sented this district in Congress. Captain Hull began working for 
the establishment of an army post at Des Moines in 1894, but it 
was not until 1903 that he saw the successful issue of his labors 
and the new Fort Des Moines was completed and was occupied by 
a regiment of United States Cavalry. This post has been occupied 
almost continuously since its completion by various cavalry units 
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and more recently as a training station for colored army ·officers. 
At present it is being used as a convalescent army hospital. 
"\¥hen the United States entered the Ell.ropean war-or as it is 
well called, the world war-and it became necessary to establish 
training camps for the assembling and drilling of the American 
. armies, Des Moines was chosen as the location of one of these camps 
and it was named Camp Dodge. A small part of the present Reser-
vation had ibeen used for a number of years as ·a National Guard 
camp and this V1as made the basis of the larger National Army Can-
tonment. 
Naturally geographic location has been an important factor in 
determining the strategic value of the successive army posts 
which have been established in the vicinity of Des Moines. In 
Captain Allen's day among the decisive points were the.facts that 
here converged several primitive lines ·of travel-those along the 
Des Moines and Raccoon valleys; that the junction of these val-
leys would afford an excellent camp site-the reservation in-
cluded only one square mile; and that here timber, grass and other 
forage and food supplies could be obtained in abundance. 
When the second Fort Des Moines was established its }ocation 
was determined by the presence of a fine level stretch -of land 
close enough to drainage lines to allow of excellent sanitation and 
also close enough to a large and healthily growing city to provide 
for the social and economic needs of the post. In determining 
the location of Camp Dodge it was necessary not only to secure 
space for the accommodation of a great hotly of troops, many 
iimes greater than had ever been stationed here in the past, but 
also to meet the very important questions of a sufficient supply of 
pure water and of an adequate system ·of sewage disposal. Then 
there is the further problem of available territory in the vicin-
ity of the Cantonment which shall be suitable for the drilling and 
training of the soldiers-to-be. All of these questions are closely 
connected ·with the geography of the region about Camp Dodge 
and a knowledge of this geography will be helpful in under-
standing these and the many other problems which arise in c·on-
nection with the carrying on of military plans. An understand-
ing of the geographic forms of the region and of their mode of 
origin will serve also to give an added interest to the experi-
ences of camp life and will give a more intelligent outlook upon 
the natural features about the Cantonment. 
FIG. 3-Looking southeast down Beaver valley from the center of section 34 , 
J efferson townshi-p. The view shows the very gentle slopes and the 
wide flat floor of the valley-the a ncient course of Des Moines river. 
The village of Johnston is visible in the distance in the valley. 
Fm. 4-Looking north of east across Des Moines valley from the top of the 
west wall near Dodge City. This shows the steep slopes and the flat 
valley floor, which is narrower than that of Beaver valley, just to the 
west, although the river is much larger than the creek. 

THE MAP OF THE REGION 13 
THE TOPOGRAPHIC MAP 
The surface features of Camp Dodge and the surrounding 
region are well shown on the accompanying map by means of 
brown lines which are called contour lines. A contour on the 
ground passes through points having the same elevation above 
sea level and therefore one who follovvs a contour goes neither 
uphill nor down, but always on a level. A line drawn through 
~.hese points is then a contour line. Where the lines are far apart, 
as in Beaver valley in and south of Camp Dodge Reservation and 
in Des Moines valley opposite the mouth of Beaver valley, ~hey 
• show that the land is very fiat. Where they are closer together, as 
along the west wall of Des Moines valley near the Cantonment, 
they indicate steep slopes. If the lines are relatively straight 
they indicate a smooth, even surface, but where they are irregular 
and curve back and forth they show that the surface is cut up by 
numerous ravines and other irregularities. Good examples of 
these features are shown within the Cantonment, as for example 
where the slightly wavy contour lines of the map show the 
smooth, gently sloping east wall of Beaver valley on which the 
main part ·of the Camp is built, a slope which :flattens out to the 
north in the region of the base hospital, near the tiny red triangle 
which indicates the location of Herrold. The crowded, exceeding-
ly irregular contours marking the west wall of Des Moines valley 
-the east slope of the dividing ridge-show that this slope is 
i:;teep and gashed by many gullies and ravines. The remouh1; sta-
t ion, on the west side of Beaver creek, occupies a trsct with a • ery 
gentle slope from the northwest as is shoTI·n by the rather widely 
spaced contours: ·while the rifle range, in the wide loop of the river 
in Des Moines valley at the southeast corner of the Reservation, 
seems to be on almost level ground, as not a contour eros~es it. 
On the map of the Camp Dodge regiuu one inch represents ap-
proximately one mile of horizontal distance. That is. the scale 
of the map is about a mile to an inch, or as it is stated on the map, 
1 :62,500, one inch on the map being equal to 62,500 inches on 
the ground. The interval between successive contour lines repre-
sents a vertical distance of twenty feet. Therefore in passing 
over the space on the ground represented un the map by the 
distance between two contour lines one would change his eleva-
tion twenty feet. 
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Military maps, on the other hand, are customarily made on 
scales of three, six or twelve inches to the mile and the contour 
interval is twenty, ten or five feet respectively. Such maps 
are intended to show small areas in great detail, to permit of the 
insertion of many items of importance in planning battles and 
campaigns. The ordinary topographic map, such as this of Camp 
Dodge, covers a large area, on a smaller scale and in less detail, 
it is true, but it permits the examination of much more territory 
than does the map of the smaller area and it enables the observer 
to plan long marches, to select the best routes of travel, even to 
lay out preliminary railway grades, drainage ditches, sewers and 
many other improvements. 
It will be seen then that a contour or topographic map enables 
one to determine not only the positions of to:wns, rivers, roads and 
other features but also the character of the surface, the height 
and slope ·of the hills, the depth and width of the valleys and t11e 
f,hape and size of all topographic forms which can be mapped by 
means of twenty foot contour lines. Frequent reference to the 
map with these points in mind will help greatly in understanding 
the geography of the region about the Camp. 
SURFACE FEATURES 
To the soldier and the military strategist every element of 
topography has its special significance and value. True the 
surface features about Camp Dodge will not be the same as those 
on the western front, but the features here at home may teach 
the military man just as effectively as will those over there the 
lessons he needs must learn and will give him equal opportunity 
for planning his campaigns and laying his strategy. It can 
rtot be impressed too deeply on the mind that an intimate kno>vl-
edge of topography is one of the essentials to success in military 
t)perations, as indeed is true of every form of natural features. 
For instance in one of the eastern campaigns among the swamps 
of Russia and East Prussia the Germans, whose expert observers 
were familiar with swamp vegetation, were able to cross certain 
swamps because they knew that the plants of these swamps grew 
up from a sandy bottom. The Russians, on the other hand, were 
unfamiliar with these conditions and on attempting to cross 
certain swamps in their vicinity were mired in the soft mud 
bottoms. Again the violation of Belgian neutrality and the in-
vasion of Belgium and northern France by a power which knew 
• 
F1G. 5-Looking east across the Remount station and Beaver vall ey o,·er 
Camp Dodge to the slopes of the Des :.\Ioines-Beaver ridg·e. The Yiew is 
from a knoll which l ies in' the vall ey of Beaver creek in the northeas t 
pa r t of sect ion 27, JerCerson townsl1 ip, a nd whi ch belongs to th e 
mor a in ic system of hills of this region . Kote the water tank on the 
<'rest cf the ridge. The course of Be>Her creek is mar ked by the line 
of trees just heyond the bui ldings. 
6-L ooking west across es i\loines valley oprosite Camp Dodge, from 
t he east bluff in the soulhw~st quarter of section 29 . Cr ocker township. 
The view shows the fairl y w ide fiat flood-p lain of the valley and the 
'leep west "·a ll, which is formed by the long ridge between Des Mo ines 
and Beaver val leys. The r ine ran ge is ju t to tl1e left Of the a r ea shown 
in the foreground . 
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no law but that of brute force were predestined by the topo-
graphic features of that region more than by any political con-
sideration or economic necessity. The level plains with their 
fine systems of roads offered a gateway to Paris as well as to 
the wealth of France and Belgium, a gateway whose advantages 
overbalanced ail checks of right or treaty or international ap-
proval. So it should be clear that every bit of added knowledge 
or added ability to interpret the forms of Nature into terms of 
military operation will add its share in ·winning the final victory 
on the real field of battle. 
The area in which Camp Dodge is situated and which is 
shown on the map, may be described in brief, then, as a gently 
rolling prairie which is divided diagonally by the deep valley 
which Des Moines river has cut across it. Several smaller streams, 
tributary to the Des Moines, also occupy valleys which have 
been made in thrs upland. Noteworthy among these are Beaver 
creek, whose valley has a notable history, to be outlined later; 
Walnut creek, whose valley is much narrovver than is that of 
Beaver creek; and, farther to the south, Raccoon river in a 
valley ·which rivals in size that of the Des Moines above the 
Cantonment. From the east there enter the Des Moines, Big 
creek, Rock creek, and, just east of Des Moines, Fourmile creek, 
each of them occupying a deep valley in its lower reaches, al-
though in its upper portions it meanders along mere shallow 
prairie swales. In addition the walls of the larger valleys are 
gashed by many minor ravines which cut into the upland for a 
mile, two miles, or in a few cases three to four miles from their 
mouths. 
It will be understood that these ravines and valleys have in 
most cases been cut by the streams ·which occupy them and hence 
their size bears some relation to that of these streams. It will 
be noticed at once, however, that Beaver valley offers an excep-
tion to this rule as also per~iaps do the lower parts of Walnut, Big 
and Fourmile creek valleys since they seem to be much too 
large to have been made by the small creeks which flow along 
them. Evidently something out of the ordinary has happened 
here and what this is will be explained in the following pages. 
But in spite of all these valleys and streams, large and small, 
it is nevertheless true that there are considerable areas of the 
prairie in which natural drainage lines are either not developed 
at all ·or else their positions were determined by pre-existing de-
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pressions. This, of course, is directly opposite to the more com-
mon conditions, especially those near the large streams, where 
the drainage lines and the irregularities of the surface have beeu 
cut, for the most part, by running water. Over the nearly 
level prairie the eye may gaze unhindered for miles. Only here 
and .ther e in the more undulating or rougher portions may one see 
a, great hill of irregular outline or a broad, shallow swamp. 
neither of which, perchance, bears any close relation to the 
streams of the neighborhood and neither one of which has been 
formed by them. If reference is made to the map it will be seen 
that good examples of the level upland topography are found 
in the region about Ankeny and Enterprise and just west of 
Grimes, or across Walnut creek, about Waukee, while the rough, 
irregular, hummocky topography is well developed along Beaver 
valley a few miles directly west of Camp Dodge. 
The military relations and significance of these different topo-
graphic features are so clear as to need no elaboration, but they 
may at least be outlined here. The movement of troops across 
the relatively level uplapd prairie plain will be fairly easy but 
their detection by a ·waiting enemy will be equally easy. Such an 
area as that along the south slope of Beaver valley west of the 
Camp as far as the limit of the map with its rough hills and inter-
vening swamps would be easier of defense and harder of attack. 
The rather deep, narrow valleys of Fourmile, Big and Walnut 
creeks with their scattered timber filling ·would similarly be readi-
ly defended and might be held against strong attacks-by either 
friend or foe. The broad valley of the Beaver and its continua-
tion to the southeast partake more of the nature of the plain. 
'rhe supreme example within the region of the tactical importance 
of a valley is that of Des Moines river near and above the Camp. 
Its broad flat bottom lands with their protective timber patches, 
their sand and silt filling, their bayous, meanders and cut-offs 
and their bridges with their long approaches, all these offer 
numerous strategic problems. The steep ·walls also with their 
deep and in most cases timber filled ravines or their high level 
terraces afford abundru1t opportunities for study and practice of 
offensive and defensive warfare, such as shielding stationary or 
marching troops or training in gas warfare. It is just such river 
valleys as this which have played such important roles on the 
battlefields of France. The Somme and the Oise, the Aisne and 
the Marne have been decisive factors ere now and will be again. 
J<'JG. I-Looking southeast in Camp Dodge towa rd D ivis ion Headquarters. 
The view shows the west s lope of the ridge between Des Moines a n d 
Beaver valleys. The barracks of the Camp a r e well shown a lso. Photo 
publisl1ed by courtesy of Enos B. Hunt, photographer. 
FIG. 8-Looking northeast across Beaver valley towa rd Camp Dodge from 
the southeast quarter of section 34, Jefferson township. Note th e gently 
sloping west wall in the foreground, the broad valley a nd the somewhat 
s teeper s lope of the ridge on which the Camp is s ituated. The buildings 
of the Camp may be seen on this slope and the gr eat water tank crowns 
the ridge . 
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And many of their features are shared by the peaceful valley of 
Des Moines river. 
Another topographic feature of commanding value is the long, 
high ridge between the Des Moines and the Beaver which offers 
opportunity for so much tactical work, with its steep rugged east 
slope and its long gentle smooth west slope. Here again the re-
semblance to the French ridges is marked and significant. 
SOILS AND ROCKS 
The close relation which exists between the form of the sur-
face and the soils and subsoils is well shovvn in · the different 
areas already mentioned. 'l'hus on the level prairie the surface 
material is a rich fertile soil-the yellow pebbly clay made loose 
textured and porous by the roots of P.lants and blackened by the 
generations of vegetation which have gro"·n upon it and after 
death have been absorbed into it and mingled with it. In the un-
drained S\vamps and depressions, which are abundant in some 
parts of the uplands, notably in the northeast part of the area 
here described, instead of the black soil there is a peaty material 
which is the result of the accumulation during centuries of the 
remains of water loving plants. The surface material of the 
rough hummocky areas is prevailingly sandy and gravelly and 
has accumulated through plant growth less of the black material 
which makes the prairies so fertile. The surface material of the 
shallow swales along· "·hich some of the upland streams wind their 
ways is intermediate between the black loamy soil of the prairies 
and the peaty matter of the swamps. Farther down these streams 
and all along the Des Moines and Raccoon valleys within the 
area covered by the map ,the valleys are filled to greater or less 
depths with sand and gravel over which is laid a deposit of rich 
black alluvium, the result of wash from the hills and slopes 
higher up. Under all of these varying types of soils is the yel-
low or gray or blue-gray pebbly clay, which is everywhere pres-
ent except where locally it has been cut away and the underlying 
rock has been reached. 
Underneath all these various types of soils and subsoils, and 
forming the foundation upon which they are all laid is the solid 
rock of the region, the bedrock, so called to distinguish it from 
the loose overlying materials, which are the mantle rock. Under 
all the region about Camp Dodge the bedrock is composed of 
f;hales, beds of mud and clay which have been hardened int°' 
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solid rock; sandstones, sand deposits which likewise have been 
cemented and solidified; and some layers of coal, the product of 
successive generations of plant life in the swamps and bayous of 
a far distant time. Comprising by far the larger part of this 
series of rocks are the shales, while the sandstones occupy a sec-
ond though quite inferior position, and the coals constitute only 
a few per cent of the total thickness and bulk of the bedrock. 
The shales range in color from black through gray, r ed, brown, 
purple, blue and other colors to nearly white, and some of them 
form transitional beds from true coal to true shale, or slate as 
they are usually called by the miners. The black shales owe 
their color to carbon, which was derived from plants growing 
upon their surface while the beds ·of mud were forming, and the 
brighter colors are produced by iron and other minerals con-
tained within the shales. Where the shales have been exposed 
for some time, as along the Des Moines valley, they have become 
rnftened and wash away easily. Also where they are encountered 
under the mantle rock they are in places so soft as to be dis-
tinguished from the overlying materials chiefly by their brighter 
colors, and sometimes not easily by that feature. The sandstones 
likewise have disintegrated under exposure to beds of fine, loose 
sand. In places, as along the dverward face of the long ridge be-
tween Des Moines and Beaver valleys, there are a few thin beds 
of limestone, here for the most part a dark gray fine-grained 
stone in layers six to ten inches thick. 
Xn general it may be said that the bedrock of our region lies 
in nearly horizontal position with a slight dip or inclination of 
the strata from northeast to southwest, a dip which is shared by 
all the rocks of this part of Iowa and which amounts on an aver-
age to ten feet per mile. 
Perhaps it should be explained that the different types of ma-
terial in the bedrock are present in alternating layers and that 
the succession of beds may be repeated several times in any ver-
tical section. It is also true that at different localities, even 
though these be not widely separated, the succession of strata 
will probably not be just the same, for various layers differ from 
place to place, due to the differing conditions under which they 
were deposited. For example there is exposed at the south foot 
of Capitol Hill a bed of sandstone which is twenty-five feet or 
more in thickness. But if this bed be traced northwestward up 
the river it will be seen to be thinner and finally to be replaced 
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entirely by shale so that in the vicinity of the Cantonment there 
is no sandstone but only shale. The limestone bands, however, 
are more persistent and may be traced entirely across this region. 
Scarcely less important than the topography in their relation to· 
campaigns and all the operations of modern warfare, the soils ai+d 
rocks of our region are deserving of special attention from these 
viewpoints. It is of considerable importance to know whether the 
soils to be encountered in a given direction from the Camp are 
such as will churn into mud in wet weather or grind into dust 
in dry seasons. Both of these conditions will hold good for the 
black soil of the prairies and some valley areas while the graveliy 
soil of the hummocky regions and the sandy soils of the valleys. 
will absorb much water but transmit it rapidly and so will not 
be so muddy or dusty. 
The character of the soils will have much to do with the mat-
ter of trenching. The black soil with its yellow or gray subsoil 
is easily dug and will stand well ·when dry. When wet it is apt 
to slump till its angle of rest is reached. This angle is about 30 
degrees. Sandy soils ·will not stand so well and must be revetted. 
They have the advantage, however, of allowing the ready drain-
ing away of water which may enter them, while the clay soils will 
retain water much longer. Soils differ also in their penetrabil-
ity to bullets. The general rule for the thickness of earth para- · 
pets is that it must equal the length of the rifle, but while loose 
sand or earth of this thickness ·will be sufficient protection, wet 
or greasy clay must be one-half thicker and dry turf or peat 
twice as thick. The soils of the Camp Dodge region are similar 
to those of Belgium and northern France and hence present th·:: 
same problems to the soldier. 
Operations in the bedrock are s.omewhat different from those 
in the soils. Shales are fairly easily dug and will stand well 
when dry, like the clay subsoils. Like them also they will slump 
badly when wet. The sandstone or limestone layers will be 
harder to dig but will stand indefinitely. If tunnelling is nec-
essary they will stand up with less timbering than will clays or 
shales. The relations of the bedrock to gunfire differ also. Hartl 
rocks like limestones will splinter and break badly under impar.t 
of shells. Shales and sandstones are more yielding and hence 
less dangerous. In the Camp Dodge region the bedrock will be 
of only slight importance owing to the almost universal pres-
ence of the soils and clay subsoils, but it may be noted that on 
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the ·battle front in northern France the bedrock is of considerabb 
importance. Here it is a chalky rock on which lie hillocks of 
sandstone which form the famous Vimy and Messines ridges as 
well as others of military renown. Like the strata of northern 
Fiance, too, those of the Camp Dodge region lie nearly horizontul, 
though they are more variable from place to place. This is of 
importance in trenching, tunnelling and especially, perhaps, in 
the transmission of water. 
HISTORY OF THE BEDROCK 
It ·will aid in understanding the various features about uamp 
Dodge if we. outline in brief the geologic history of this region 
and of neighboring parts of Iowa as well, since our area is but 
part of a much larger unit. A study of the accompanying out-
line geological map of Iowa, figure 9, which gives the areas of 
outcrop of the bedrock of the state, shows that northeast of Des 
Moines river the strata of different ages are spread out as long 
northwest-southeast trending bands. All of these strata extend 
westward from the area in which they outcrop or are immediately 
beneath the mantle rock, so that they overlap one another like 
the leaves of an open book. The southwestward dip of the strata 
which was mentioned previously carries the different layers to 
greater and greater depths with advance to the southwest, so 
FIG. 9-Geolog-ical sk etch map of Iowa showing the d istribution of the 
strata. The rocks in t he vi-cinity of Des Moines and Camp Dodge belong 
to the Des Moines stage. 
HISTORY OF THE BEDROCK 2& 
that layers of rocks which in northeastern Iowa form the surface 
materials or rise in great cliffs above the rivers are buried hun-
dreds of feet beneath the surface in central and southern Iowa. 
But all of them have been penetrated in several wells in and near 
· Des Moines and are found to retain their essential features even 
thus far from their outcrop . They in turn form the foundation 
upon which the bedrock of central and western Iowa is laid down. 
'l'hey consist of great beds of sandstone, limestone and shale, 
which were laid down on the floors of the shallow oceans whi.eh 
covered the interior of North America ages ago. 
Millions of years passed by during which these rocks wP,rc 
forming·. Then there occurred in southern and central Iowa, as 
well as in many, many other parts of North America, conditions 
which were exceedingly favorable for plant growth, especially 
for those plants which grew in and near the water. Probably 
central Iowa resembled the presentday Everglades of Florida or 
the Great Dismal Swamp of Virginia. In these coastal swamps 
plants grew luxuriantly, flourished and died, but their falling 
stems and leaves were preserved from decay by the water into 
which they fell. Elsewhere beds of mud and sand were accumu-
lating offshore and .farther ·out in the quiet sea there were form-
ing banks of limy ooze mingled with shells and other skeletons 
of lime-forming animals. In time a change of conditions put a 
stop to the plant growth in some of the swamps and they were 
buried beneath a layer of sand or mud. Then again as condi-
tions favorable to plant life recurred another forest grew up over 
the buried one or over the beds of mud and sand elsewhere. Thus 
the cycle went on and there were piled up bed after bed of pbn t 
remains and mud and plant remains and sand and plant remains 
and mud in almost endless succession. But the pressure of ov3r-
lying beds was consolidating the· lower layers and circulating 
waters were carrying materials in solution which were cement-
ing some of the beds into rock, and other changes were going on 
in the mass while newer layers were being formed above. So 
the muds were being pressed and hardened into shales, the sands 
were being cemented into sandstones, the limy muds 'were pressed 
and cemented into limestones, and the layers of plant rematns 
were having their gases driven off and were solidifying into conl. 
The plants which had been growing in the coal swamps had n-
moved from . the soils on which they grew those minerals which 
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formed part of their food, and as these mineral plant foods are 
the elements which make clays melt easily in the kiln, because of 
their absence these old soils are now very resistant to heat and 
so are known as fire clays. 
We all understand how slowly beds of sand or mud are ac-
cumulating in the rivers and seas of t'oday and so we can realize 
that the events just described must have consumed enormous 
lengths of time, extending certainly into hundreds of thousands 
and possibly into millions of years. It is estimated that 8000 to 
9000 years would be required to produce a foot of coal. If the 
total thickness of the Iowa coals be estimated at forty feet, 
which is merely an estimate, the length of time required for their 
accumulation would be 320,000 to 360,000 years-provided the 
rate of accumulation were the same when the coals were forming 
as it is at present in our peat bogs. The total thickness of the 
beds associated with the coal, called on the map the Des Moines 
stage, is about 500 feet near Des Moines. These deposits must 
have required fully as much time for their accumulation as did 
the coals. Hence we must at least double the figures already 
given. Then too these strata are very much thicker than 500 feet 
in some parts of North America, so that the duration of this 
period of coal formation is estimated at 2,000,000 to 5,000,000 
years. 
While these rocks of the Des Moines stage, or as we also call 
them, the Coal Measures, are best developed in central and south-
central Iowa, they are known to have covered all of southeastern 
Iowa, as far as Mississippi river. During the enormous length of 
time since the rocks were laid down they have been washed by 
rains and rivers and 'broken up by heat and cold and so eroded 
away from large areas where they were once present. Like the 
older rocks to the northeast they extend west of the area in which 
they are the surface bedrock and they underlie the younger 
rocks to the southwest. 
At several different times after this western Iowa was covered 
by the ocean or by great fresh-water lakes, over the ±1oors of 
which were spread the different strata which now form the 
bedrock of that part of the state. Then for a long time Iowa was 
dry land and was subjected to all the destructive forces of Na-
ture, which were carrying away the rock strata, cutting deep 
valleys into level plains and making a diversified landscape of 
what had been a flat seafloor. But finally there came a change 
HI·STORY OF THE MANTLE ROCK 
in climate and in other conditions which brought about one of 
the most marvelous series of events of which this world has 
knowledge, the development and spread over northern America 
and Europe of a succession of immense continental glaciers wh1.cr1 
buried the frozen lands beneath a cap of ice thousands of feet in 
thickness. 
HISTORY OF THE MANTLE ROCK 
The Great Ice Age, also known as the Glacial Period or the 
Pleistocene Epoch, was a time when at several centers in Canaaa 
ice accumulated from the excess of winter snowfall over summer 
melting, and in time formed such great bodies that their own 
weight forced them to spread out in all directions over the sur-
rounding country for hundreds and even thousands of miles. 
Over hills and valleys these great ice sheets advanced, across 
lakes and rivers they pushed in resistless might, until they had 
covered practically all of Canada ·east of the Rockies and had 
spread into the United States as far south and west as Ohio anG. 
Missouri rivers. Not once nor twice merely did these conditions 
recur, but five times the great glaciers came down from the 
north and melted aw.ay and disappeared. As each one pushed 
outward it carried with it immense loads of rock, gravel, sand 
and clay, which it had scraped and ground from the surface over 
which it passed. When the glacier melted back these loads 0f 
material were left behind, spread out over the surface as a sheet 
of glacial drift or piled in lines of irregular hills called moraines. 
Every one of the five glaciers entered Iowa and left its rec:mt 
in the drift which it deposited as well as in other ways. Ther1J~ 
fore Iowa is classic ground for the study of glacial phenomeno. 
The different glaciers and the drift sheets which they left are 
known by the names of the states in which they are well 
exposed or where they were first studied. Thus the first of these 
glaciers is called the Nebraskan and the deposits which it left are 
known by the same name. These deposits have been everywhere 
covered by later glacial drift sheets, hence their presence is 
known only by their being uncovered here and there by excava-
tions, natural or artificial. After a long occupancy the Ne-
braskan glacier melted away and an interglacial period of warm 
climate followed. During this time herds of elephants roamed 
our prairies and forests, camels and sloths, horses and bears 
were abundant, and multitudes 'Of other animals more or less 
familiar to us today, made their h·omes in the ground or above 
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it. But again, after many thousands of years, arctic conditions 
prevailed and a second glacier, the Kansan, swept do·wn from 
its gathering ground west of Hudson Bay and stretched its 
mighty length across Iowa southward to Missouri river. The 
material brought and left by the Kansan glacier, the Kansan 
drift, now forms the surface drift over nearly all of southern 
and western Iowa, and in the Camp Dodge quadrangle is found 
south of Raccoon and Des Moines valleys. See also' the map of 
the drift sheets, figure 10. We have no means of knowing how 
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Frn. 10-Sketch map of Iowa showin g the area s in which the different sh eets 
of glacia l drift are exposed at the surfa ce, a lso the directions in which 
the gl aciers moved a s shown by striations made by t he ice on. the rock 
over which it pass ed. The Nebraskan glacier is not represented on the 
map, but it probably covered the entire1 state. It was later overridden 
by the succeed ing glaciers. 
long the Kansan glacier covered Iowa, although doubtless the 
time is to be measured in thousands of years. We do know that 
the succeeding interglacial interval, like the one which precedp,d 
the Kansan, was very, very long, long enough for the upper par~ 
of the drift to be thoroughly altered by having some elements 
dissolved and carried away by water while other parts · werr; 
changed in character; long enough afterward for the level plain 
of the state to have carved into it. a rough and rolling topography 
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similar to that shown on the southern part of the Camp Dodge 
map. The animal and plant life of this time was quite similar to 
that of the preceding interglacial time. Some forms were very 
similar to those of today while others were very different. 
The next glacier, the Illinoian, came from a center in far-off 
Labrador and invaded Iowa from the east. Only the edge crossed 
Mississippi river, between Clinton and Fort Madison. The period 
of warm climate which follo·wed this invasion was of sh·orter 
d uration than the preceding ones had been, and then a fourth 
glacier , the Iowan, came from the north and spread out its sheet 
of drift. This is exposed only in northeastern Iowa and is notable 
for its thinness and for the immense bowlders which are scattered 
on its surface in some counties. Following a fourth interglacial 
period the fifth and fast glacier of the series, the Wisconsin, ad-
vanced over central .Iowa and covered the Des Moines valley as 
far south as the forks of the Raccoon. As it in turn melted away 
it left its load spread out as a level plain or here and there 
neaped into ridges very much as they exist today; altogether 
giving us an accurate picture, no doubt, of conditions as they 
·were at the close of each of the older glacial occupancies. Upon 
this level plain there were distributed innumerable ponds and 
lakes, many of which have persisted to the present day, while 
other parts of the plain are still so level that natural drainage 
lines have been but poorly or not at all established and swamps 
and sloughs occupy much of the surface-or did until man be-
gan to hasten the processes of Nature. These various features are 
well shown i;n the nor thern part of the Camp Dodg·e quadrangle. 
It was stated above in speaking of the soils of our area that 
most of the mantle rock consisted of a yellow or gray p~bbly 
clay. It may now be said further that the typical unmodified 
Nebraskan drift is dark gray or blue-gray and contains some but 
not a great many pebbles. It is not likely to be encountered in 
many places in the Des Moines valley, although its presence 
there is known. The Kansan c;lrift is more likely to be found 
and is typically a bluish pebbly clay which is changed by weather-
ing, the process of alteration previously described, to yellow in 
its upper parts. These features are well shown in ravines and 
elsewhere south of Raccoon valley, where this drift is exposed. 
The Wisconsin drift was originally a gray clay with many pebbles 
of limestone and other kinds ·of rocks and with much lime in fine 
powder mixed with the clay. In its upper part it too has been 
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changed by weathering to a yellow, and nearer the surface to a 
brown color, and some -of the lime has been removed by solution. 
The upper foot or so, of course, is blackened by vegetable ma-
terial, and in swampy places peat has accumulated on the clay. 
This Wisconsin drift is the surface material over all the Des 
Moines valley region north of Des Moines. See figure 10. 
There is in western Iowa and around the border of the Iowan 
drift a deposit called the loess (pronounced lurs). This is really 
a wind_ blown dust and was derived, in ·western Iowa from the 
flood-plain of Missouri river, in eastern Iowa from the surface 
of the Iowan drift soon after this drift was laid down by the 
melting away of the Iowan glacier and before vegetation had 
covered it. 'l'he loess is present also on both sides of Des Moines 
valley, whence it was blown by winds, i)robably while similar 
beds were forming elsewhere, at the close of Iowan glaciation. The 
significance of the ·deposit in the present connection is that 
it is present unde:r the Wisconsin drift at different places 
in and near the Cantonment, in the city of Des Moines and 
elsewhere, and also forms the surface material over the Kansan 
drift south of Raccoon river, except where it has been "·ashed 
ofil' the slopes or where wind blown sand covers the surface. Thus 
it was penetrated at a number of places in excavating for sewers 
and cellars at Camp Dodge, where a few feet of black soil grad-
ing below to brown clay overlies the loess. One ·of the best ex-
amples showing the presence of the loess near the Camp is a well 
on top of the ridge in section 14, Jefferson township, near the 
northeast corner of the Cantonment Reservation. This well passes 
through eight feet of sand, then through twenty-five feet ·of 
yellow pebbly Wisconsin drift clay and below this through 
twenty-seven feet ·or more of loess. Beneath the loess there may 
be the Kansan drift, or possibly the loess rests directly on the 
Coal Measures, which form the core of this ridge. 
The loess differs from the drift in being very fin e textured, 
pebbleless, typically without any sand even, and in having a 
plastic, doughlike structure, so that it can easily be moulded 
when it is damp. In color it is typically yellow or gray, although 
in the well just described the color was a dark blue. The lo es. · 
ordinarily contains considerable lime in fine fl.our or as small 
balls and knobs and where it is fresh and unmodified small snail 
shells are very likely to be present. It has the remarkable qual-
ity of maintaining vertical faces in exposures, even for many 
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years and where it is subject to adverse climatic conditions, 
whereas drift clays wrill slip and slump down into long gentle 
slopes. The writer has seen walls of loess twenty-five feet in 
height which were still vertical after standing for forty years. 
'l'he significance of this quality in trenching work will be readily 
appreciated. In spite of its fine texture it is quite porous and 
water passes r eadily through it. Trenches and similar excava-
1ions in the loess would be readily drained if they were above 
water level. 
HISTORY OF THE VALLEYS 
There is evidence that the valleys of the two chief streams of 
the region-the Des Moines and the Raccoon-and also the valley 
of Beaver creek in our area-are older than the last glacial age 
and that these valleys were partly filled but not entirely buried 
by the clays and gravels •of the Wisconsin drift sheet. The few 
last miles of such streams as Walnut, Big and Fourmile creeks 
occupy valleys which also were in existellice ·before the Wisconsin 
glacier came down, but the upper parts of these streams meander 
over the surface of the Wisconsin drift-plain in valleys which are 
yet in the making. On the ·other hand the evidence also indi-
cates that none of these stream courses were in existence when the 
first glacier advanced from the north, that they have all devel-
oped during the intervals between the glacial occupations of 
this region. The Des Moines and Racc·oon valleys, and this may 
be true for the valleys of their larger tributaries also, began their 
development after the melting away of the Nebraskan ice sheet, 
that is during the succeeding period of warm climate. The Rac-
coon doubtless occupied its present valley but the modern valley 
of Des Moines river is quite different from the original one. 
Between the city of Des Moines and the Mississippi the ancient 
valley coincides with the modern ·one. The northward continua-
tion of the ancient valley is beneath the wide flat between Capi-
tol and Highland Park Hills on the west and the Fair Grounds 
and Grand View Park on the east; it extends across the low level 
area in western Saylor township (see figure 11 and the map) and 
stretches away to the northwest along what is today Beaver val-
ley. The valley at present occupied by the river north' of 
Beaver creek was cut out after the retreat of the second, the 
Kansan glacier. 'l'he very narrow section of the valley extending 
through the main part of Des Moines is thought to have been 
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cut out during the Wisconsin ice invasion. That is, it just pre-
cedes the beginning of modern, postglacial conditions. 
Since the Raccoon valley lay at the margin of the Vvisconsin 
ice it was not much modified by the Wisconsin drift or by \tater-
borne materials-gravel, sand and other products. But the Des 
Moines valley was entirely buried by the ice as far as the moutI1 
of Raccoon river, hence it was partly filled by ice-borne and 
water-carried materials. Most of these have since been cut away 
by the river but remnants are still present as clays, sands and 
gravels filling the valley hottoms and as terraces of similar 'ma-
terials along· the valley walls. 'l'he original valley of the Des 
Ivloines, which is now occupied by Beaver creek, probably was 
never entirely filled with drift material and so doubtless was 
occupied by Beaver creek following both the Kansan and the 
Wisconsin ice invas~ons. Other tributaries were only partly 
filled by the Wisconsin drift-sheet, especially near its edge, where 
both the ice and the load it carried were thin, hence they offered 
favorable channels for streams. In the centuries since the ice 
left our region these streams have \Yorked back on t·o the 
prairies, using sags and irregularities in the surface to extend 
their courses, although 1.here are yet extensive areas where their 
control is very slight. A similar history has been passed through 
by the smaller streams which have had to form their courses 
from the beginning in postglacial times. 'l'hey have cut gullies 
in the walls of the larger valleys, these gullies have been enlarged 
to ravines, then to valleys occupied by wet weather streams, 
and finally in the rase of some the streams have become permanent, 
flowing the year around. 
THE PRAIRIE PLAIN 
With the history of the topography of the Camp Dodge reg·ion 
in mind it will now be clear why it is that most of this region 
is a nearly level or gently rolling plain. This prairie plain is 
the slightly modified surface which was left by the great Wis-
consin glacier. It stretches away in endless reaches to the north 
across Iowa, across Minnesota and into central Canada. It is 
marked nearly everywhere by similar characteristics: A surface 
which varies from monotonously level to gently rolling with here 
and there a rougher aspect where it breaks into a morainic 
tract; an abundance, in most localities, of swamps and sloughs, 
some of which may be large enough to merit the dignity of being 
l~IG. 11-Looking northwest up D es Moines valley from the road in the south-
east quarter of section 15, Saylor townshi·p, north of Highland P a rk. 
This shows the portion of the old valley of the Des Moines which is 
crossed by the modern river. Note its great width, here about three 
miles, and Its level surface . It Is filled with sand and drift to a depth 
of seventy-five to one hundred feet. The point of the ridge between the 
present valley of Des Moines river a nd the anc ient valley, now Beaver 
valley, may be seen in the •left background. 
t•ic. 12- Looking west a cross D es Moines valley in the city of Des Moines. just above the plant of the Iowa Pi·pe and Tile Compa ny. The view is 
from the edge of the bluff on the east s ide and shows the very narrow 
gorge and the steep wes t wall. The buildings of Mercy Hospital croW1t 
t he bluff at the right. This part or the valley is thought to have been 
cut wh ile the Wisconsin .g-lacier Jay just to the north. 

[•'IO. 13-Looking n or thwest acr oss the Artillery Range. north of Camp Doclge. 
The v iew shows t he typ ical l eve l topography of t h e vV'i scons in drirt-
p lain and the very gen tl e slope o( th e e<Ht \\'all of Be:wer \'alley \\'hich 
fla t tens out in this region. 
FIG. 14-Looking ·west across Camp Dodge and Beaver val!ey at Dh·ision 
Headquarter s. The gently ~loping west wall of Bea\'er valley an d the 
le\ el skyline of the \'i1jsconsin drift-plain are visih!e !Jeyonrl the Ca!11p. 
I 
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termed lakes ; streams relatively few and most of these in shal-
low valleys save in the immediate vicinity of the master streams, 
the larger rivers. The plain near Camp Dodge shows these char-
acters typically developed. East ·of Des Moines valley it is al-
most ever.r"·here gently rolling and is dotted by multitudes of 
depressions which the natural drainage lines either have not 
yet reached or because of their low gradients have not succeed-
ed in draining thoroughly. These features are especially well 
sh·own in Lincoln and Elkhart town ships and farther north, 
where only the headwaters of the streams have yet penetrated. 
Nearer the valleys of the Des Moines and the lower parts of its 
larger tributaries erosi·on, the cutting away of the land, has pro-
ceeded far enough to have reached and allowed the drainage of 
these depressions. Consequently those areas in the northwestern 
part of the quadrangle which border the river are fairly ·well 
drained. The same is true also ·of Crocker and Saylor townships, 
and, farther east, of the territory which is drained by the lower 
reaches of Fourmile creek. 'l'he headwaters of this creek as 
well as of Rock creek, Big creek and other streams farther north, 
have not yet become effective as drainage elements. 
On the west side of Des Moines valley surface conditions are 
somewhat different. There is very little of the "saucer" type 
of topography-the shallow, undrained depressions-within the 
limits ·of Camp Dodge quadrangle. This is probably due to 
several causes. In the first place the Wisconsin drift of Webster 
township in Polk county and of Vv alnut and southern Grant 
townships and the region farther west in Dallas county was laid 
down as a smO'oth, level drift plain rather than as an undulating, 
hummocky plain like that east of the river. In the second pla!Je 
the valleys of Des Moines and Raccoon rivers and of their tribu-
taries, particularly Beaver and Walnut creeks, afforded some 
drainage lines for the plain from the first. 
If the reader will examine that part of the map south of Rac-
coon and Des Moines rivers, he will be impressed by the crowded 
condition and extreme irregularity of the contours, which indi-
cate a rather strongly rolling country with very little of the 
original level upland remaining. This, it will be remembered, is 
a part of the Kansan drift-plain and its topography is quite char-
acteristic of that plain as it is found in southern Iowa. Numer-
0us valleys extend across it and from these many smaller ra-
vines and gullies head back on the slopes of the dividing ridge~. 
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It offers a notable contrast to the level or marshy \¥isconsin 
.plain about Camp Dodge. 
The higher parts of the Wisconsin drift-plain-the areas be-
tween the streams-the divides-range from about 965 feet above 
sea level in the vicinity of Saylor Station, and 980 feet in the 
west part of Des Moines to 1,000 on the crest of the ridge at 
Camp Dodge and at Ankeny, 1,010 feet west of Grimes, and 1,040 
feet near Waukee and in the north part of the area covered by 
the map and to 1,060 feet in western Grant to-vvnship, Dallas 
county. The positions and altitudes of these localities show that 
there is a gradual rise of the plain to the north and a somewhat 
steeper rise to the west and northwest, although this rise is more 
notable some distance away than within the limits of the topo-
graphic map. 
The Kansan plain to the south of Des Moines does not rise 
quite so high as does the Wisconsin plain to the north. 'rhis is 
due in part perhaps to the lowering of the plain by erosion, but 
more tci the natural slope to the south and east which is common 
to all of this part of the state. 
THE' MORAINE 
It was stated above that some of the load which the glaciers 
carried was left piled up in lines or groups of irregular hills 
called moraines. In Iowa these moraines are better developed 
in connection with the Wisconsin drift-plain than on any of the 
other drift-plains. Where the margin of the ice stood nearly 
stationary for some time on account of melting, the clay, sand, 
gravel and bowlders which were being continually pushed for-
ward by the onward moving body of ice would be piled up i:i:i 
great mounds near the edge of the glacier or would be carrie~ 
a:way by streams from the melting ice. Such periods o.f a sta.-
tionary margin occurred during the advance of the glacier, while 
it was at its maximum extent and while the margin was being 
melted back. The accumulations formed during the advance 
might be leveled off by being overridden by the ice, those formed 
during the greatest extent ·of the ice would form a terminal mo-
raine around the edge of the drift sheet and those formed during 
halts in the retreat of the margin are the recessional moraines. 
Because of the fact that there were al ways great quantities of 
water fl.owng from the ice edge, a good deal of the finer materials 
would be washed away and a large proportion of the material 
FIG. 15-The m orainic knob in the swamp in Beaver valley just south of 
the road in the center of section 19, Jefferson township, Polk county. 
FIG. 16-Mor aini c hills on the south s lope of BeaYer valley in the south p a rt 
of section 24 , Grant township, D a llas county. 
Fm. 17-A rrrorainic h ill at the south ' edge of Beaver valley n ear t he west 
line of section 24. Grant township. T he hills shown in these three views 
are parts of the Camp Dodge mora ine. 
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forming the moraine would naturally be relatively coarse as com-
pared with the bulk of the drift sheet in more level areas. Hence 
the morainic hills of the Wisconsin drift region are mainly grav-
elly or bowldery and both because of their sloping sides and be-
cause of this coarse nature their surfaces are less fertile and 
have less vegetation covering them than is the case with the 
level prairie lands. 
For some reason there is no terminal moraine at the southern 
extremity of the Wisconsin drift-plain, though it is well <level- . 
oped along the west margin and to s·ome extent along the east 
side. There are several recessional moraines, some of which are · 
well marked. One of these lies in part within our area and a 
portion of it is shown on the topographic map. This moraine 
·we may call the Camp Dodge moraine. It extends from north of 
west to south of east across Grant and J effers·on townships and 
most of it lies on the south slope of Beaver valley. On account 
of this position the moraine does not rise much above the neigh-
boring uplands, but it has the effect of roughening the topog-
raphy considerably, as the map shows. Besides the moraine on 
the south side there are some morainic hills on the north side 
of the valley, of which that east of the center of section 34, Des 
Moines township, Dallas county, a large one just east of Granger 
and ·one two miles northeast of Granger in the center of section 
31, Jefferson township, are among the most noteworthy. They 
rise .forty to one hundred feet above the 101ver lands about them. 
The main moraine consists of irregularly arranged groups of 
knobs and hills which rise twenty, forty or sixty feet above their 
surroundings and some ·of which are closely grouped while oth-
ers are more widely scattered over the drift-plain. Most of these 
hills rise quite steeply from their bases and many of them are 
of rough profile rather than of the smoothly rounded type of 
hills which are the product of erosion by running water. As 
has already been indicated they bear no close relation to the 
streams, that is, it is evident ·on close examination that thefr 
positions and shapes were not determined by present clay streams 
or running water. Rather have they themselves had much to do 
with determining the position and direction of such stream 
courses as have been formed among them. It may be noted in-
cidentally that the situation of the moraine on the long slope ·of 
Beaver valley has been influential in establishing the drainage 
of the moraine sooner than would have been the case had it been 
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built up on the level prairie away from such a ·well developed 
valley. 
The ponds and swamps in southvvestern Jefferson township 
within the valley of Beaver creek itself ar e dne to the presence 
of this moraine on the valley floor . 'fhe knobs and depressions 
of the moraine have had a retarding effect on the drainage of the 
lowland. The swampy areas north of Beaver valley are doubt-
less due to the development of the saucer type of surface, similar 
to that east of Des Moines valley already described. 
On the east side of Des Moines valley from the latitude of 
Ankeny northward past Crock er and as far as the latitude of 
Alleman at least there are evidences of the recessional moraine. 
'l'hese are indicated on the topographic map by the short closed 
lines of more or less irregular outline marking the low morainic 
knobs which are interspersed among the more level swampy 
areas. This is quite characteristic of morainic districts, which 
are as a rule only poorly drained, especially where they ar e sit-
uated upon " ·hat would otherwise be a fairly level plain, such 
as the Wisconsin drift-plain. The moraine is not so well devel-
oped or so prominent on this side of the river as on the west side, 
but there can be no doubt of its presence, especially as one ex-
amines the area in the field. The shapes of the hills and their 
lack of relation to the streams mark them as being of morainic 
origin and nature. Gravel pits have been opened in some of 
them and these reveal the coarse nature of their materials. 
THE VALLEYS 
Into the gentle sloping· Wisconsin drift-plain the valley of De~ 
Moines is cut 160 to 200 feet. The immediate slopes of the val-
ley are for the most part quite steep and rise 100 to 140 feet 
above the bottom lands, the flood-plain, as it is called. Beyond 
the crests of the bluffs the rise is more gradual to the uplands. 
Below High Bridge the valley floor widens gradually until oppo-
site the Camp it has a width of a mile or more. But in the vicin-
ity of High Bridge and to the north as far as the limits of the 
map it is narrower, so that the flood-plain is scarcely more than 
a quarter of a mile wide and in places is less than this. 'fhe 
narrowness of this part of the valley is due to the fact that for 
some reason the restraining walls, vvhich here as elsewhere con-
sist of shale with s·ome thin bands of sandstone and limestone, 
have never been cut back through all the career of the valley. 
Fra. 18-The narrow flood-plain of Des Moines river just below Scandia 
brid-ge one and one-half miles above High Bridge. Looking west from 
the east wall. The space between the fence in the foreground and the 
trees in the bacl<ground repres·ents the entire width of the flood-plain-
about t"·o hundred yards. The river flows at the foot of the farther bluff. 
FIG. 19-Looking northeast across Des Moines valley from the west side in 
the southeast quarter of section 10, Jefferson township . The view was 
taken from the top of a gravel terrace about seventy-five feet above the 
river. Note the sand in the foreground, the flat flood-pla in and the steep 
wall in the background. 
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Between High Bridge and the mouth of Beaver valley the Des 
lfoines valley had reached its present width before the oncoming 
of the Wisconsin glacier. 'rI1e gravel, sand and clay which were 
carried by this glacier and the water issuing from it partly filled 
the valley and since the glacier left the region the river has been 
busy washing down and carrying away this valley filling. It 
has succeeded in removing much of it but some remains in the 
valley bottoms, building them up to heights of thirty to fort~­
feet above the original valley floor. Considerable amounts are 
present also as gravel terraces which flank the walls as narrow 
~trips or as wider flats. These terraces rise twenty-five, fifty or 
seventy-five fee t above the flood-plain, showing that the valley 
was filled to the level of the highest of them by the material 
from the Wisconsin drift. One of these terraces occupies the 
>:outhwest part of section 29, J e:fferson township, and a sma1ler 
one faces the long loop of the river in section 33, a mile farther 
~outheast. The largest one in our area, however, lies in sections 
4, 3 and 10, just north of the old village of .A.nd,rews. Smaller 
ones may be found along the slope ·of the ridge in sections 25, 30 
and 31, opposite the Camp. It is the presence of these r emnants 
of the valley fi lling that shows that the valley was as wide before 
the Wisconsin _glaciation as it is today, that most of the river ·g 
energy has been spent in clearing away this waste from the Wis-
consin ice sheet. 
Where the river crosses its old valley in Webster and Saylor 
townshi·ps (sec page 31 ) it has, of course, a very wide, lo"·, flat 
fiood-plain in ·which it has cut numerous meanders which are now 
marked by oxbow lake· and ponds and other depressions. South 
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FIG. 20-Cross sections showing the compa rative shapes a nd s izes of th e 
f ormer a nd the present valleys of Des Moines river. A -B. P rofil e from 
t he south line of section 33 , a mile and a half east of Grimes, northeast 
across Beaver valley , the ridg e on which Camp Dod ge is located. the 
modern valley of Des Moines river and the uplands as far as the south-
west quarter of section 16, Crocker township. C-D. Profile from near 
the center of sect ion 31, Des Moines townsh ip, northeast across the 
upland, the narrow valley of the Des Moines, Highland Park Hill, the. 
w ide a bandoned valley of Des Moines river and up the slope to the 
northwest quarter of section 18, Delaware townsh ip, on the summi t o( 
the ridge between Des Moines and Fourmile valleys. 
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of this wide fiat the valley is increasingly narrow to the mouth 
of the Racco·on, below which point it widens abruptly and great-
ly so that in the southeast part of Des Moines the river is flowing 
in a valley two to three miles wide-the original post-Nebraskan 
valley. 
'l'he next largest stream of the region, Racc·oon river, occupies 
a " ·ide, fiat-floored valley which has been filled to considerable 
depths with sand and gravel from the Wisconsin drift. It seems 
probable that this valley has not been seriously affected by gla-
ciation since the beginning of its history, following the end of 
the Nebraskan glacial stage. Its walls are in part glacial drift 
and in part shales of the bedrock series, the Coal Measures. 
The other large valley of the region, that of Beaver creek, as 
has been noted is older than the present valley of Des Moines 
river. Its great width and gentle slopes are due in part, no 
doubt, to the great length of time during which it was occupied 
by Des Moines river, during the first interglacial age. During 
this long period the river was swinging from side to side of its 
valley, constantly cutting its walls and widening its flood-plain. 
H ence by the time the Kansan glacier covered this region the 
valley had been developed to large proportions. · The Kansan 
glacier partly filled ~he ancient watercourse with clay and sand 
and gravel so that it was abandoned by the river and its floor 
was elevated somewhat above the present-day floor of Des Moines 
valley. But all through the ages ice and rain, frost and heat have 
been wearing away the walls of Beaver valley, making them con-
t inually smoother n'-ld more gently sloping. The wide fiats in 
western Saylor and in Lee townships already mentioned as being 
part of the ancient Des ::\foines valley have similar characteris-
t ics. Their side slopes fo r the most part are very gentle, the bot-
toms are fiat and the floo rs ar e built up to a height of nearly a 
hundred feet \Yith ·waste materials-silt and sand-which h ave 
been carr ied in by moving ice and flowing water. 
The lower valle;r s of ·walnut , F ourmile and Big creeks ar e 
worthy of mention here because at fi rst glance they seem out of 
all proportion with the str eams which occupy them. Their fi.oo rs 
.are one-fourth mile or more_ in width and the walls are high but 
f,how evidences of a long history in their gentle slopes and 
:smooth contours. As has been stated before they, in common 
with the larger valleys, no doubt were in existence long before 
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ihe Wisconsin stage of glaciation and so have passed through a 
similar experience, though on a smaller scale and for a shorter 
time, than that just outlined for Beaver valley. 
THICKNESS OF TIHE DRIFT AND ROCKS 
On the level upland plain the glacial drift has thicknesses 
which in places reach nearly 250 feet, alth·ough in many locali-
~.ies the thickness is somc"·hat less than this . Probably an esti-
mate of one hundred feet will not be far from the truth as an 
average for the thickness of the mantle rock in our area. 
The Wisconsin drift, which forms the upper part of the mantle 
rock, is not very thick, averaging perhaps twenty to thirty feet 
in thickness. Beneath it the loess is present in many places, 
although it is not universal in distribution, as it was washed 
away from much of the surface before the ·overlying drift was de-
posited. Its thickness differs greatly from point to point and in 
places amounts to twenty-five feet or more. Below it lies the 
Kansan drift, 1Yhich again differs greatly in thickness, ranging 
from little or nothing to two hundred feet. Quite commonly 
there is present under this drift a bed of sand and fine gravel 
and locally there may even be found a remnant of the earliest 
drift sheet, the Nebraskan. Under all of these lie the Coal Meas-
ures, the bedrock of this region, with their alternating shales and 
sandstones and limestone layers and coal beds. Like the beds 
above them the Coal Measures differ in thickness from place to 
place, both because of irregularities in the floor on which they 
11·ere laid don·n and because of similar irregularities in their 
own surface. The above statements will make it clear that in 
sinking any kind of excavation, be it well or trench :or mine, no 
regularity of the strata can be expected, hence no assurance 
of just the conditions to be met can be given. For example, on 
the slopes of Beaver valley, within the limits ·of Camp Dodge. 
there were penetrated at one place a foot and a half of black soil, 
then one and one-half to two feet of brown, pebbly Wisconsin 
drift clay and under this gray and yellow loess, into wluch tne 
excavation was sunk for two feet. At another locality the Coal 
Measures shales were reached under three to six feet of brown 
clay. The record of the well on top of the ridge, which was men-
tioned on page 30, gives an idea of what is present there. A pros-
pect hole put down in section 2 of Saylor township from a sur-
face elevation of 935 feet penetrated 130 feet of soil and drift 
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before reaching bedrock, while some wells near Ankeny have 
been sunk into the drift as much as 200 to 240 feet from eleva-
tions of 980 to 1000 feet above sea level before they reached 
bedrock. As indicated by these records the surface of the Coal 
Measures here ranges in altitude from 740 to 880 feet above sea 
level. Near Corydon bridge it is about 900 feet above sea level 
and at several points in Des Moines it lies about 860 feet above 
sea level. 
CLIMATE 
'I'he climate is one of the most important of the factors 
which determine the habitability of a region. Given a climate 
which includes the greatest extremes, of either heat or cold, of 
drought or moisture, and the highest development of civilization 
is impossible. It is in the regions of temperate heat and moderate 
r ainfall that the greatest progress has been made. Applying 
these principles to the Camp Dodge region it will be seen that 
they have had a large influence in determining its prosperity 
and the high stage of development which it has reached. 'I'rue · 
the i•ange in temperature is large, but it is not so large as to in-
t erfere very greatly or for long· periods with the ordinary activ-
ities ·of city or country life. Neither is the rainfall so slight as 
to allow desert conditions or so excessive as to cause serious 
or widespread destruction. The climate of the Camp Dodge 
legion, in common with that of the entire upper Mississippi val-
ley, is of the kind known as continental. That is it is one which 
is subject to great variations from day to day and from season 
to season. It is not tempered by the more even conditions which 
prevail on and near the oceans . This climate is determined by 
the great cyclones or rotating winds which travel across u1e 
country from west to east. Some of these cyclones are many 
hundreds of miles in diameter and consequently affect large 
areas. They are not to be confused with the small violent tor-
nadoes which sweep across limited areas and bring destruction 
to everything in their paths. These larger cyclones are caused 
by the air moving spirally toward areas of low air pressure. 
The air which ;naves northward from the Gulf of Mexico in 
these great spirals carries much moisture and as it is drawn into 
cooler r egions it is obliged to drop some of this moisture as rain. 
''l'he cyclones are :followed by anti-cycl-ones, areas of high atmos-
·pheric pressure, which bring in cool dry air from the north or 
:E0rthwest. Hence the passage of one after another of these 
SURFACE WATIE'RS 
areas of alternating low and high pressure causes our changes 
of weather from wet to dry, from warm to cold. The weather 
conditions of autumn, winter and early spring are controlled 
very largely by these cyclonic whirls, but summer weather is in-
fluenced more by local conditions, which cause a considerable 
part of the rainfall. 
As has been said the changes in temperatures of the Camp 
Dodge region are great. Summer temperatures often reach as 
high as 100° and higher points than this have been recorded. In 
the ·winter on the other hand the t emperature often drops to 
15° or 20° below zero and in extreme cases to 25° and 30° below. 
So the extreme range is 135° or more, while the average temper-
ature is 23° above for winter, 73° for summer and 49° for the year. 
The amount of rainfall in this region averages very well for 
the needs of the community. Most of the moisture falls during 
the spring and summer seasons when it is most needed. While 
the amount of precipitation during the winter is only ahout three 
and one-half inches, that during the summer is over twelve 
inches. The total rainfall during the year averages about thirty- . 
two and one-half inches, very close to that for the state as a 
·whole. Since upon the rainfall of a region depends in large meas-
ure its whole water supply, both surface and underground, the 
amount which ·our area receives is of most serious consequence 
and its consideration leads very naturally to that of the subject 
of water supply. This is one of the most vital problems connected 
with any region and one which is intimately related to the topog-
raphy and the rocks of the area concerned as well as to the rain-
fall. 
SURIFACE WATERS 
The chief possible source of surface water supply is Des Moines 
river with its large and never failing stream. There are great 
fluctuations in its fl.ow but even in the driest seasons it never 
fails. On the ·other hand in spring seasons of heavy rainfall or 
after winters of heavy snowfall the river rises in flood and over-
flows its bottom lands. Much the greater part of the stream's 
flow is derived from beyond our immediate area, as is to be ex-
pected in a stream of such length-300 miles above Des Moines. 
Moreover there are but few tributaries ·which join the main 
stream within this region and these are nearly all small and 
insignificant. Besides, the basin which supplies the river Is 
relatively nan-ow. On the east it is defined by a line extending 
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from Elkhart a little east ·of south only two miles or so east of 
Fourmile creek. If we include the drainage basin -of Beaver creek 
the western limits of Des Moines valley exclusive of Raccoon 
valley would extend from West Des Moines past Grimes and, 
farther to the northwest, past Minburn and Perry. Excluding 
Beaver valley from consideration the drainage area directly 
tributary to the Des Moines from the west is nowhere more than 
five or six miles wide. From this narrow basin it is not to be 
expected that there will be a great run-off or a large seepage of 
water, relative to the size of the main stream. 
The second stream ·of consequence in this region is Raccoon 
river, which is but little less in size than Des Moines river. It 
is formed by the junction of the North, Middle and South Forks, 
which with their numerous tributaries gather the drainage from 
a large area of the east slope of the Mississippi-Missouri water-
shed in western Iovva. This insures a large and permanent sup-
ply in the lower course of the stream and the forks also are 
permanent along most of their courses. 
The largest ·of the creeks of the Camp Dodge area is Beaver 
creek, which, while it is greatly inferior to the Des Moines or to 
the Raccoon, yet because of its length- sixty miles or more-
and because of the size ·of its drainage area has a perennial flow 
which is worthy of consideration. The broad, gently sloping val-
ley of this creek, which has already been described, draws to it-
self the drainage of an area which is nearly as wide as that 
directly tributary to Des Moines river, especially when we re-
member that so much of the basin of the Des Moines is as yet 
scarcely drained at all. While there are but few large creeks 
emptying into the Beaver there are numerous small streams 
which contribute to the larger stream's flow. 
Walnut creek has cut its valley into the wide level plain be-
tween Beaver valley and the Raccoon and derives all of "its sup-
plies of water within the area herein discussed. Since its basin 
is not large its flow is limited and the upper reaches and the 
small upland tributaries go dry in the summer. 'rhe lower 
stream, having a -..vide, deep valley, has a permanent supply. 
On the eastern margin of our area Fourmile creek bears a sim-
ilar relation to the plain between Des Moines and Skunk rivers 
and while it is somewhat longer and larger than Walnut creek 
its general characteristics are the same. Like Walnut creek it 
has the advantage ·of a wide, deep valley, which contributes 
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much to a fairly large and permanent fl.ow of ·water. Besides 
these creeks there are no other large streams in this vicinity. 
Big creek and Rock creek and Saylor creek are only a few miles 
in length and have relatively small and unreliable flows owing 
to their small catchment areas ·and their consequent quick re-
sponse to ·weather ·conditions. The same is true to an even more 
marked degree of the numerous small tributaries of the Des 
Moines and of the large creeks ·which sooner or later contribute 
to the great river. 
'l'here are no lakes of large size within our area. Some of 
the abandoned portions of the Des Moines channel have been 
transformed into ''oxbow'' lakes by the closing up of their ends. 
Some of these are permanent while the smaller and shallower 
dry up during summers. On a smaller scale, similar condit ions 
prevail in Raccoon and Beaver valleys. These ''oxbows'' are 
present only in the southern parts of our area where the valleys 
are wide and the streams in times past have swung from side to 
side of these valleys and then have sh·ortened their courses by 
cutting across the loops, ·which then remain as ''cutoffs'' or ''ox-
bows." The ponds and swamps of the prairies need scarcely be 
considered as they are too small and shallow to serve as depend-
able supplies of water, in large quantities at least. Besides, the 
quality of the water in these ponds would not be of the best and 
furthermore many of them are being drained and the land put 
to use. 
GROUND WATERS 
When we come to consider the underground waters of the 
Camp Dodge region we must think of them primarily with rela-
tion to their containing beds of clay and silt, of sand and gravel, 
of shale and sandstone, or whatever the nature of the water-
bearing layers may be. Again we must take into account the 
nature of the topography and its relation to the underground 
waters. Taking up the second of these points first we shall find · 
that the region may be divided into two provinces-the uplands 
and the lowlands, the prairies and the valleys. Now it is a sim-
ple and well known fact that the upper surface of the ground 
water, the water table, as it is called, is higher under the up-
lands and lower under the lowlands. But it is true also that 
under ordinary conditions the water table is not so near the 
surface under the uplands as under the lowlands. In spring or 
• 
• 
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m very wet seas·ons, however, it may be at the surface in both 
localities. On the prairies again, the water table, while it rises 
in the hills, is not so near to their surface as to the surfaces of 
the lower plains. So the upper part of a hill may be entirely 
dry while at its foot a lake or a swamp may be kept filled by the 
ground water. Further, in the rough and rolling country border -
ing the streams where, because of the presence of numerous r a-
vines and valleys ' and steep slopes, escape of the ground water 
is easy, the water table ·will be farther below the surface thaa 
in either upland or lowland. Again, as vve know, the water 
table fluctuates with the weather and with the seasons. It is 
higher in the spring or after a period ·of prolonged rainfall and 
lower in the summer and in any other dry period. 
Considering now the character of the rocks and soils and its 
relation to the ground water, we shall find that days contain and 
transmit less water than do sands and gravels and that there-
fore, other conditions being equal, the water table will be lower 
in a clay r egion than in a sandy region. In order to reach water 
it will be necessary to dig farther into the clays of the glacial 
drift than into the sand beds of the valleys or even into those 
which are here and there present under the prairies. But this 
fact also illustrates the close relationship between topography, 
the character of the strata and the ground water. The upland 
sloughs have remained until today because the fine texture of 
the glacial clay permits it to act as a container rather than as 
a transmitter, and furthermore because the clay under these 
sloughs has become even closer textured by the fine material 
·which has been carried into it by the water. Consequently there 
is very little movement of the ground water under those uplands 
where streams have not yet cut deep valleys, just as there is 
but little movement of the surface water here either along the 
ground or into it. The importance of these facts in relation to 
any military operations such as trenching, tunneling, road mak-
ing, well digging and ·others, will be readily seen. Water will be 
encountered nearer the surface on level uplands such as those 
about Ankeny and west of Grimes than in the "breaks" of Des 
Moines valley, where the upland meets the steeper slopes. On 
such slopes, however, account must be taken of the possible pres-
ence of sand and gravel beds which may outcrop and which will 
then serve as channels for the escape of ground water and will 
affect operations accordingly. It will be understood from what 
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was said above about the character of the mantle rock that sand 
layers or streaks may be encountered anywhere in the glacial 
drift and so their exact location cannot be foretold. But, except 
in those cases in which they occur above the ground water level, 
it may be accepted that wherever they are found they will be 
water-bearing and hence reckoning must be made with them. 
In the case of the strata of the bedrock it may be said that 
as a rule the shales are not water-bearing to any great extent, 
although a little water may be found seeping through them in 
places. The sandstones are much better water beds as their por-
ous nature enables them to receive and transmit large quantities 
of water. Of course under the uplands the bedrock would not 
be reached except in wells and similar excavations. 
In the valleys the ground water level is near the surface owing 
to the porous character of most of the material which covers the 
valley floors. The water here also has relatively free move-
ment, hence the water table will rise and fall readily in response to 
weather and seasonal changes. Because of these conditions 
greater quantities of water will be found in the valley filling· 
than in the more compact materials of the uplands. In small 
valleys which have not been cut down to grade or widened suf-
ficiently to permit the accumulation of secondary material, such 
for instance, as Rock creek along nearly all its length, and many 
of the small tributaries of Des Moines river, there will not 
be found notable supplies of ground water, except as these val-
leys may have been cut into beds of water-bearing sand. Th~ 
great fl.at sag of Webster and Saylor townships is filled with 
sands and silts to a depth of a hundred feet, and these are sat-
urated with water nearly to the surface. 
The ground waters of this region which are contained in the 
materials of the drift plain or the valley filling are of go'Ocl 
quality and may safely be used for any purpose for which they 
are desired. This statement, of course, presupposes reasonable 
care in the exclusion of all .possible source of contamination, such 
as barnyard and house refuse and surface waters which . might . 
not be suitable for use. It is true, however, that waters from 
the shales of the Coal Measures are likely to contain mineral 
and other ingredients \·v:hich will render them unsuitable for any 
purpose. Some of the sandstone layers yield large supplies of 
-YYater which is only slightly mineralized. 
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It may be stated in brief that many wells on the upland de-
rive their supplies at depths of forty to sixty feet from beds 
of sand and gravel or from the loess, which is porous enough 
to serve as a good water bed. Others go deeper, as much as 150 
to 240 feet to find a supply at the base of the drift. Some wells 
are drilled to layers of sandstone in the Coal Measures at depths 
of 250 to. 460 feet and a well in Greenwood Park in the west 
part of Des Moines was sunk to a depth of 3,000 feet to reach a 
thick bed of sandstone ·which furnishes an abundant supply of 
"·ater wherever it is penetrated. In such wells water rises high 
in the tube and in some cases even overflows. In the lowlands 
·water may be reached at ten to fifteen feet below the surface 
jn the sands and gravels which cover the floors ·of the valleys. 
The wide fiat valley of Raccoon river is filled with porous sand 
and gravel which carry a large underfiovv. It is from this under-
flow that the public water systems of Valley Junction and Des 
Moines are supplied, the former by means of wells and the latter 
by means of an extensive series of water galleries or water 
chambers. I 
INDUSTRIE>S AND RlESOURCES 
The military as well as the economic importance of the agri-
cultural and mineral resources of any region are beyond ques-
tion. Their value in connection with Camp Dodge construction 
and maintenance will be plain at a glance. The fact, too, that 
the first rus11 of the German onslaught in 1914 was toward the 
great coal and iron ore fields of Belgium and France is ex-
tremely significant. Some of the most bitter struggles of the 
war have been fought for the possession of these fields and their 
retention so long by Germany has been an enormous asset in 
prosecuting her campaigns. Because of the favoring physical 
conditions which have been described above agriculture is the 
leading industry in the region about .Camp Dodge. The rich 
soils of the Wisconsin drift-plain yield.large returns to the farm-
er who is willing to apply brains and energy to their cultivation. 
The lack of drainage of some areas, as already described, is the 
chief drawback, and this is being overcome more and more each 
year, as artificial drainage and increased cultivation are grad-
ually drying out the wet spots and lowering the ground water 
level. General farming is the rule, although nearness and ready 
access to the large and steadily growing market of Des Moines 
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have encouraged intensive and specialized farming or market 
gardening. The muck and peat of the swamps, when these are 
sufficiently drained, make ideal soils for growing celery and such 
products. 
Closely associated with the farming industry are the small 
towns and villages, ·whose existence and prosperity depend upon 
the success of the farming communities surrounding them. The 
numerous grain elevators, the large amount of freight and ex-
press business in farm products and the presence of such indus-
tries as the large corn canning factory at Grimes are abundant 
testimonials of the importance and value of agriculture in its 
various phases in this region. 
The next industry in importance in this region is that of coal 
mining. Coal underlies most of the area we are discussing, even 
though it may not everywhere be in beds thick enough to be 
profitably mined. Hence the mining industry is not confined 
to one particular locality but is scattered all over the region, 
wherever conditions are favorable for getting at an<l removing 
the coal. Des Moines is an important mining center and some of 
the other l·ocalities where important mines have been developed 
are in the vicinity of Saylor Station, where several mines are in 
operation; at Enterprise; at High Bridge; at Zook, and at the 
two neighboring camps of Scandia and Phildia, which are near 
the river just north of the limits ·of the map; and at Dallas, 
three miles north and a mile west of Granger. These mines in 
the northern part of our area have all been developed within 
1.he last few years and indeed all the mining which is going on 
from the upland prairie is of comparatively recent development. 
It used to be said that no coal would ever be found a·way from 
the Des Moines valley, but today some of the largest mines are 
well out on the prairie. 
Polk county has always been a leader in the coal industry. 
During the days of the first Fort Des Moines Captain Allen's. 
men mined coal from a bed which outcrops in the banks of the 
Des Moines in the neighborhood of the Center Street dam. 'fhis 
was used in the army blacksmiths' forges but wood was so plenti-
~ul in the valley in the early days that coal could not well com-
pete with it. However, since 1865 the industry has grown rapidly 
until novv nearly two million tons are mined annually. Dallas 
county has not been a large coal producer until in recent years 
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when the large mines near the river have put this county into 
an important position. Its output is now about half a million 
tons each year. 
One of the most important industries of the Camp Dodge re-
gion is that of the making of Portland cement. And yet this in-
dustry is carried on by only one plant, which is located southeast 
of Valley Junction near the intersection of Park avenue with 
the Chicago, Burlington and Quincy and the Chicago Great 
Western railroads. When it is stated that previous to 1917 there 
were only three cement plants in Iowa, and that the value of 
their output exceeded five million dollars the importance of this 
Des Moines factory may be appreciated. The shale for the ce-
ment is taken from a coal mine nearby while the limestone 1s 
brought from Earlham, twenty-five miles west of Valley Junc-
t ion. 
The shales of the Coal Measures make high class burnt clay 
products-drain tile, sewer pipe, paving and building brick, 
roofing tile and other wares-and are being used extensively 
by several plants in Des Moines. Near Camp Dodge there are 
several along both sides of the valley west of Highland Park 
while several others are located in different parts of the city. 
In their natural state these shales are of no value for either 
roadmaking or building materials. They will slake down t-o dust 
or mud on· exposure to the air and weather. The sandstones, 
likewise, are too soft to serve as durable building stone and as 
road or concrete materials they are excelled in accessibility 
and convenience of handling by the sands and gravels of the 
mantle rock. If the shales are burned they make a durable road 
material and when subjected to proper treatment they form one 
of the important ingredients of Portland cement. The limestone 
begs are too thin and inaccessible to be worthy of consideration 
for either road work or building materiaL 
'l'he sands and gravels associated with the glacial d,rift furnish 
excellent and, in places, abundant supplies of material for use 
in road improvement, concrete making and other construction 
work. The best and most readily available supplies are in the 
valleys, where they have been sorted and cleaned by running 
water. The terraces and high-level benches along the walls of 
the Des Moines, the valley bottoms ·and even the channel of the 
stream itself furnish limitless quantities of these important ma-
terials. These terraees have been mentioned previously in con-
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nection with the description of Des Moines valley on page 45. 
The large terrace in sections 3, 4 and 10 of Jefferson township 
is being extensively utilized and large quantities are being re-
moved for railroad and commercial purposes. The enormou 
amounts of sand covering the floor of Raccoon valley are drawn 
on extensively for construction material of high grade and sev-
eral plants in Des Moines are occupied in pumping sand from 
Des Moines and Raccoon rivers beds. This sand deposit is the 
result of the erosion of the Wisconsin drift, which contains a 
good deal of such material. The larger creek valleys also c·on-
tain sands and gravels which have been washed out of the pebbly 
drift clays. · 
The sanely layers of the drift are too uncertain in location to 
be of much service but the morainic knolls of Grant and J effer-
son townships west ·of the river and those of Crocker and Lincoln 
townships on the east side are gravelly and some of them have 
already done service as sources ·of road or concrete materials. 
The fresher gravels of the Wisconsin drift region do not make 
as good road metal as do older, more rotted gravels, as the older 
materials pack better and so form a more solid, enduring road-
bed. On the other hand the fresher and cleaner gravels and 
sands are preferable in all building work. 
VEGETAT.ION AND TIMBER 
There is very little ·of the original prairie left in Iowa. Hence 
practically all of the vegetation of our region is introduced or 
cultivated. Some of the weeds are natives and the lmdrained 
swamps and a few other spots such as railway rights-of-way still 
support the types of plants which grew upon them before the 
white man's plow broke the virgin prairie sod. Slough grasses, 
bulrushes, ·wild rice and other native species still make their 
appearance wherever their haunts have been left undisturbed. 
Upon the cultivable prairies, however, widespread fields of oats, 
waving ranks of corn, the bluegrasses, timothy and clover have 
displaced the true prairie grasses and fl.owers. It is only in th~ 
woods and sloughs that one need look today for wild flowers 
and many of these are being destroyed by ruthless picking. 
Iowa has always been a prairie state. The uplands have never, 
at least since the last glacial invasion, horne forests or timber of 
any extent. Only in the valleys and along the streams have the 
forests been able to obtain and maintain a foothold. Scattered 
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groves of willows and cottonwood border some of the larger 
swamps and moist places, but with such exceptions the timber 
occupies only a fringe of the uplands on the margins of the val-
leys. Oak and elm, ash and elder, hickory and walnut, maple and 
willow make up the mass of the forest, ' while such shrubs as 
gooseberry and buckbush, dogwood and raspberry occupy the 
open spaces among the larger trees. It is a conspicuous fact that 
the bottom lands of the Des Moines and to a considerable extent 
those of Beaver creek also are practically bare of t imber. Here 
and there is a patch or .a fringe of trees which seek or can en-
dur e much moisture, but most of the trees seek the valley walls 
and the ravines, where they are beyond the r each of destructive 
floods. 
ROADS AND BRIDGES 
One of the most serious quest:tons which army commanders 
must consider is that of public roads and railways, their ade-
quacy as to number, physical condition and direction; the pos-
sibility of their improvement t·o render better service or of their 
demolition to cover a retreat or to retard the advance of the 
enemy. All of these are important problems and the roads ·of 
t he Camp Dodge region will offer good facilities for the study 
and practice of these problems. 
An inspection ·of the map shows that the Camp Dodge region 
is cover ed with a network of roads and, on a larger scale is 
·well supplied by a system of railroad lines which center in Des 
Moines and render all of the neighboring territory tributary to 
that city as well as affording ready transportation in all direc-
tions. The Chicago-Denver line of the Chicago, Rock Island and 
Pacific Railway crosses the district near the south margin while 
from southwest and southeast, northwest, north and northeast 
come the various lines of the Chicago Great Western; Chicago, 
Burlington and Quincy; Rock Island; Wabash; Minneapolis ancl 
St. Louis; Chicago, Milwaukee and St. P aul and the Chicago 
and North Western Railways. In addition to the city electric 
railway lines the Perry line of the Interurban Railway extends 
along Beaver valley and serves the Camp while it<; Colfax line 
erosses the eastern part of our area and the Fort Dodge, Des 
Moines and Southern Electric Railway comes in from the north 
along the eastern part. 
' l 
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Many of the country roads are still built of dirt only, although 
some have been surfaced with gravel and a very few have been 
paved, such as Beaver Avenue and Merle Hay Road as well as 
a few streets which extend in various directions as far as the 
city limits. During dry weather a dirt road is quite satisfac-
tory, provided, of course, that it is well cared for. But the 
best dirt roads fail in wet seasons and because of this certainty 
of failure at some critical time it is essential that all important 
roads be given a surfacing of some material which will keep them 
in serviceable order in all seasons and under all traffic concli-
tions. The abundance of available material as described above, 
renders this improvement relatively easy m the Camp Dodge 
region. 
Bridges are elements ·of great military as well as economtc 
$ignificance and hence it is worth while from both standpoints 
to note their number and position within the Camp Dodge area. 
In the vicinity of the Camp there are in Des Moines valley 
Scandia bridge, a mile and a half north west of High Bridge and 
the Snyder bridge the same distance below that village; the 
Hanley bridge, three miles northwest of Camp; the Corydon 
bridge, opposite the south end of the Artillery Range; the 
Fischer bridge, just opposite the south end of the ridge between 
the two valleys; also the long, high railway bridge at High 
Bridge. All these bridges are of steel and all with the exception 
of the Fischer bridge cross the valley where it is relatively nar-
row. Hence in case of strategical operations they or their ap-
proaches could be defended with relative ease from the steep 
-..valls of the valley. Demolition of such bridges also would be 
relatively easy. Farther south there are the Euclid Avenue 
oridge, west of Highland Park; the Sixth Avenue bridge, south 
of that suburb; and the various bridges within the heart of 
the city, in addition to the numerous interurban and railroad 
bridges, and the railroad and public bridges across Raccoon 
river. 
Of course the smaller streams are crossed by bridges at nearly 
every section line or wherever the roads approach the valleys. 
With the exception of the Sixth Avenue bridge, and the down 
town bridges, which are built of concrete, all the river bridges 
are of steel. Most of the bridges over the larger creeks also 
are of steel, although a few, such as the ones over Beaver creek 
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on Beaver and Merle Hay roads and those over Big creek at Polk 
City, are •built of concrete, and a few of the old wooden pile bridges 
still remain. 
THE GAP IT AL CITY 
Des i\Ioines, the capital and largest city in the state, with a 
population of 105,000, is the business and industrial center as 
well as the political Mecca of the region. Its needs form the 
basis for a wide range of industries, which, however, extend 
far ' beyond its own confines and serve a territory which is 
well nigh state wide. Besides the various industries based on 
natural resources which have been mentioned there are numerous 
others which contribute their share to the prosperity of the city. 
Manufactures of various lines, 'o/holesale distribution of produce, 
groceries, machinery, automobiles, and many other classes, 
numerous printing establishments, and indeed all the activities 
which make up modern city life are found here in abundance. 
Perhaps the center of general interest in the city is the beauti-
ful State House situated ·on the crest of the hill overlooking both 
Des Moines and Raccoon valleys. Its magnificent golden dome 
is a landmark over the entire city and for the country round 
about. It is easily visible from the ridge on which Camp Dodge 
is built and can be seen from the prairies in any direction. The 
city's other public buildings, the numerous and noteworthy 
office buildings, churches, the Y. M. C. A. and Y. W. C. A. build-
ings, the fine. system of parks, all these are con tributing toward 
the end of making Des Moines a bigger and better and more 
beautiful city. 
FIG. 21- P a rt of Des Moin es' skyline a s seen from th e Sta te House across 
the rive r. Beginning at the right some of the more prominent buildings 
a re: The Capital Clty Bank building (w it h the a wning'S), the Equita ble 
building (behind It), the Observa tory building, the Valley National B a nk 
building (the white one) , th e City Libra ry (In front of It ) , the Fleming 
building . the Rippee building, the Pos t Office (In front of them) and the 
tower of the Court House. The va lley of Raccoon river appears In the 
left background. '.l'h e h eavy s moke up th ls valley is from the Hawkeye 
cem e nt pla n t. 
F I G. 22-The Sta te H ouse , the Soldier s ' a nd Sailors' Monument, the Allison 
Memorial a nd the Historical, Mem ori a l a nd Ar t Building; seen fro m the 
south. The view shows also a part of the enla rged Capitol Grounds, 
in cou rse of ill11Provement, including some of th e Court A venue viaduct, 
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Camp Dodge is on the slope of a prominent ridge on the west side 
of Des l\Ioines River about 10 miles northwest of the business center 
of Des l\Ioines:, To,va. This ridge, 'vhich extends southe.a..'it,vard 
through the camp resen•ation, is 150 to 200 feet high and about a 
mile wide, though in some places it• crest is so narrow that it affords 
scarcely more room tlian is required for the road that traYerses it 
from end to end. An observer standing on this ridge will sec on 
the east, seemingly at his feet, Des Moines Ri vcr swinging in graceful 
curves aeross itis valley, 'vhich is here about a mile lvide and is 
bounded by steep wooded slopes cut hy many short ravines. Ea.st of 
this valley is a broad upland prairie, which stands at about the same 
height as the ridge in the ca.mp, shows an even sky liue, and i'3 
dotted with seYeral Yillages. Turning to the west the observer may 
see spreading before him the broad valley of Beaver Creek, which has 
smooth and gentle slopes and a nearly fiat bottom. The long, gentle 
slope from the bottom of this valley to the crest of the ri<lge on its 
east side affords an excellent location for the main buildings of Camp 
Dodge, and a terrace on the west side of the valley is utilized for a 
remount statiou. West of Beaver Valley is another broad upland 
prairie ~which is similar to that east of the Des Moines and stands at 
abon'o the same height. 
The ""lley of ->leaver Creek extends from northwest to southeast 
nearly para11•Pl "~i h the valley of Des Moines Ri vcr, '"hich it joins at a 
---.p,,,ointr-nJJOl& t 2- ill ... ~ .,vtt~~ '.:!': u.11e camp reservation. It jr;; ~2great open 
trough almost as deep as the valley of Des Moines River where that 
stream rro~ses th e ca.mp re.'!ervation and nearly twice as broad, but it 
contains no riYe1· t'1at corresponds to it in size, for Beaver Creek is 
only a small and insignilicant stream that wanders through the 
bottom land. Jlfo,«; streams ftO\v in valleys which they themselves 
have made and w~ ich are proportionate in size to the streams that 
marlc them, hut here the larger stream flows in the smaller valley. 
From a yicwpoint near the south end of the ridge may be seen, to 
the southeast, beyond the hills of Highland Park, the gleaming dome 
of the Capitol, towering above Capitol Ilill, and east of those high 
points what appears to be the continuation of Reaver Creek valley 
extending southeastward past the city. ( See fig. 4. ) De• J\Ioines 
River, however, does not follow this broad valley hut flows directly 
across it and enters a much narro,ver one, \Vhich extends through the 
city wffit of Highland Park and Capitol Hill. As most river valleys 
,viden gradually and more 01· less regularly fro1n 80urce to mouth, 
this course of Des Moines River i'3 li1{e\vise abnor1nal. The origin of 
the abnormal features of these Yalleys is exphiined farther on. 
Des Moines, the capital of Iowa and the largest city in the State, 
\vith a population of 105,000, contains many inter~ting buildings, 
preeminent among which, prohahly, is the beautiful and stately 
Capitol, \VhoRc 111aguificent gilded dome is vi<sible for 1nile:-; around. 
Among the other public buildings in the city are the Court House 
and the f'ity Hall, which arc likewLse notable for their architectural 
be.'1uty. Des )Ioincs has also a line system of parks. In addition to 
the Ordinary buRiness activities of a large city, its industi·ics include 
factories that make clay products from the sliale associated with coal 
beds in the neighborhood, a large cement plant (southwest of the 
city ) , aud meat-packing plant•, mills, and many other kinds of 
manufacturing cstablishmeut.-. One of the early forts of central 
Iowa, known 'L' l<ort Des Moines, stood at the junction of Des 
l\Ioines and Raccoon rivers. This fol't was established in 1843 by 
Capt. .fames Allen, of the l?irst United States Dragoons, and was 
maintaiued uutil 1846. A second Fort Des Moines was built 4 miles 
south of it iu 1903 and until recently was occupied as a cavalry post. 
Aft.er the "Gnited States entered the war this post was nsed as a 
training station for colored Army officers, but it is UO\V used as an 
A rrny hospital for convalescents. 
THE TOPO<YRAPHIC MAP. 
The map on the other side of this sheet shows the form of the 
land by brown contour Jines, each representing an imaginary line 
p:c'8ing through pcints of equal altitude abo\'e sea level. The 
vertical in ten-al or difference in altitude between adjacent contours 
is 20 feet, and as every fifth line on the map is heavier the interval 
between contours represented by successive heavier lines is 100 feet. 
The representation of laud form b y contour lines is illustrated in 
figure 1. 
FIGURE 1.-Sketch and map showing use and meaning of contour lines. 
·where the lines represent a nearly fiat or gently sloping surface, 
such as that on th~ valley bottom, the bordering terraces, or the 
tablc-Jand at tho left thPv strP. TI1th"T' "Wi1ltiolv ~Pru1..-a.t.P1l; 'vhP.1·.:io thoy 
represent steepe1• slopes they are nearer together ; and where they 
represent an almost vertical cliff they arc closely crowded or com· 
bined. Thus the lines show the shapes of the land features and their 
heights above sea level, and the spacing of the lines shows the rela-
tive steepneRs of the slopes. 
The rather wide spacing of the contour lines throughout most of 
the Camp Dodge map indicates that, taken as a whole, the region is 
a nearly fiat or gently undulating plain. This plain, which ranges in 
general altitude frcm 950 to 1,050 feet above sea level, is cut into 
several parts by the converging valleys of Des Moines and Raccoon 
rivers and their tr'.butarics, Beaver, Wa1nut, Fourmile, and 9ther 
creeks. 'l'he sinuous courses of Des Moines and Raccoon rivers and 
the wide spacing of the bo1·dering contour· lines show that through 
most of their extcn1 in this district these streams are swinging back 
and forth across ne:irly fl..-it bottom lands, which range in width from 
less than 1 mile to more than 2 miles and which are 100 to 150 feet 
below the broad up and plain. Intricately looped and more closely 
crowded contour fues show that the sloping sides of the valleys 
between the upland and the bottom lands are generally steep and 
are cut by many ravines and by numerous small valleys of tributary 
creeks. At some pfaces the descent of these slopes is as much a• 150 
feet within a quarter of a mile; generally, however, the slopes are not 
so steep. 
The ridge that extends through the Camp Dodge reservation 
broadens toward the northwest and is a part of the upland prairie 
plain which has betn cut off from the rest by the excavation of the 
valleys of Des Moinos River and Beavet Creek. The east slope of this 
ridge, which constitutes the west side of the Des Moines Valley in 
the vicinity of Oarrp Dodge, is steeper and much more cut up by 
) 
, 
THE COUNTRY AROUND CAMP DODGE. 
ravines, as shown by the contour lines, than the west slope, which 
forms the east side of Beaver Creek valley. The contour Imes show 
not only that Beaver Creek valley is the wider, but that both its 
sides are in general smoother and more gentle than those along 
the Des Moines, as If the natural forces which sculpture rnlleys 
( principally running " 'ater, rain, wind, and frost) had \YOrked 
longer in Bea\'er Creek valley. Beaver Creek, ho,vever, is n1urh the 
smaller stream, and the presence of ponds and marshes in and west 
of the camp rescrrntion shows that this stream is not now able to 
drain all it.~ O\vn bottom land. There are al~o numeL'OUS long, narrow 
ponds, most of them of erescentic form, in the valleys of Des Moines 
and Raccoon ri \'Crs. These ponds arc parts of former bends or oxboYIS 
in the streams which were cut off by the opening of shorter new 
channels and the partial filling of old ones. That the Des Moines 
at one time flowed at the south foot of Capitol nm, where the rail -
roads now run, is shown by the cresccntic pond a little fa1·ther east, 
which occupies a part of its abandoned channel. 
ORIG11' OF THE VALLEYS AND CPLANDS. 
Changes in the earth's surface.-'l'he geologic history of this area is 
complex, and the changes which have taken place here are many 
and varied. The bedrock controls the form of the present valleys 
and uplands only in minor respects, and it will not be described in 
detail. The bedrock formations, which are exposed at some nJ,o.ces.'.!!! ~ _ 
the sjdes of the valleys and which are penetrated by mines and li! 
many wells, are the nearly flat-lying coal beds and accompanying 
shale, limestone, and sandstone of the coal measures. The muds and 
sands of which these rocks were originally composed were deposittd 
1nans millions of yea1'8 ago in the waters of rive1'S, lakes, or seas, aui 
the hj'ds of coal were formed in great swamps by the growth of many 
generations of water-loving plant•. These plants, instead of decar-
ing a ter they died, as wood does in the air, were preserved by tif 
water into which they fell. 'l'he beds of material thns formed weie 
final!)" covered by mud or sand, and in time all these deposits weie 
consolidated and transformed into layers of coal, shale, sandston~ 
and lijllestone. 
Little is known of the conditions which prevailed here just afte: 
the co.1!-forming period, but it L• believed that this region and all the 
rest of Iowa was land. On every land surface certain natural forces 
arc more or less constantly at work loosening and wearing away the 
soil and rock and carrying the material down to the sea. The chief 
of these forces is runuing \Yater. Each rain as it dashes on the 
ground sweeps away some material and forms gullies, which in time 
are cularged to ravines and valleys. In such of these hollows al 
become deep enough the underground wat.er L'SSues in springs that 
fol'm permanent strean1s, \Vhich continue the \vork of excavation. 
By this process a smooth plain may in time be changed to a region of 
deep and intricately branching valleys separated by hills and i·idges. 
and ouly on the higher of these ridges may remnants of the original 
plain he 1>reserved. 
One of the oldest valleys in this region is that occupied by Beaver 
Creek. This valley is older than the part of the valley of Des Moines 
River that lies above the mouth of Raccoon River, as might be inferre<'-
from their relative sizes and the character of their side slopes. The 
map s)iows that the broad valley of the Des J\Ioines below the city 
and the broad lowland east of Capitol Hill and Highland Park are 
of about the same width as the valley of Beaver Creek aud are 
in direct line with it. All three are in fact parts of one and the 
same valley, the original valley of Des Moines River. (See fig. 4. ) 
Long ago Des Moines River flowed down what is now the valley of 
Beaver Creek and a small tributary valley may have been forme<i 
east of the ridge, where Des Moines River now ftows, but there was 
no large valley such as that which now includes the eastern part of 
the camp re~ervation. The valley of Raccoon River and some of the 
other tJ•ihutary v:Uleys '\V<'l'C formed a.t the f,amo time M the vo.lloy o; 
the Des Moines. 
Glacial pe!'iod.-Many of the ancient valleys in this general region 
have been entirely buried beneath the depcsits of stony clay, in places 
containing sand and gravel, which cover the region. Snch deposit<;, 
which are well exposed at many localities about Camp Dodge, con-
stitute what is known as glacial drift, because they were brought 
into thi• region by a succession of great sheets of moving ice or 
glacicl'll from the north. Many of the stones, such as the granite 
boulders, were brought either from Minnesota or from Canada, for 
no ledges of such rock occur in Iowa. 
The glaciers were formed in what is called the Great Ice Age, or 
the gladal period, During this period the heat in summer was not 
sufficient to melt all the snow that fell in the preceding winter, so 
snow accumulated from year to year, especially in central and eastern 
Canada, and gradually became compacted to ice. In time the ice 
became so thick that, spreading under its own weight, it formed vast 
slowly moving sheet• or glaciers. The accompanying sketch map 
(fig. 2) shows the area covered by the great ice sheet<; at the time of 
FIGURE 2.-Map showing the 1na:xirnum extension of the great ice sheets in 
North Ao1erica nnd the centers of ice accntuulation. 
their maximum extension. Five different times these glaciers formed 
in Canada, spread southward into the Northern States, and finally 
melted away. Figure 3 shows the parts of Iowa covered by the 
glaciers and the directions in which they moved. These glaciers 
carried and dragged aloug much of the loose stone and clay which 
Jay in their paths and even scoured and wore away solid ledges of 
rock. When the ice melted this material was left spread over the 
land as glacial drift. 
At its greatest extent the ice covered almost all of Minnesota and 
Iowa, as well as parts of adjoining States on the west, south, and 
east, reaching and in places crossing l\fo;souri and Mississippi rivers. 
In order to extend so fa1· south the ice must have been hundreds of 
feet or perhaps a thousand feet or more in thickness in the region 
of Camp Dodge and Des Moines. The top of the Capitol dome is 
350 feet abo,·e the adjacent lowlands; comparison of the supposed 
thicl<ness of the ice with this height gives some faint conception of 
the vastness of the glaciers by which the region was overwhelmed. 
By James H. Lee• and William C. Alden. 
The several glaciers and the
1
deposits of drift which they made are 
known to geologists by the )iames of the States in which the iw 
reached i~~ greatest extent ol in which the drift features are pa1-
ticularly well displayed. Onf of these glaciers is believed to ha\e 
invaded Iowa and melted a"ay again before the ancient valley of 
Des Moines River was form<f1. The large size of this valley and 
its smooth, worn -down slop':] are some indications of the length 
of time that the country was f ·ee from ice. 
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FIGURE 3.-Map showing the ex ent and directions of movement of tht. · 
ice .sheets that invaded lo,va, except the earliest or Nebraskan glacier. 
At length the climat.e ~.gaiu hecame cold, and another glacier, 
known as the ]Cansan if~c sheet, S))read over Jo,va. },or a long period, 
probably many b_•~ndreds or thou:;ands of years, the region lay btll'ied 
beneath the- \;._anRan glacier befrJre the climate again became warm 
enough to melt away the va•t sh"et of ice. When it in turn dL•ap-
peared it left a heavy mantle of ltrift on v:Llleys, slopes, and uplands, 
and during the en.'5uing \Varmcr i>crio'1 plants and animals came back, 
streams began to cut away the land, and some of the larger fe.-itures 
of the present lai1dscape were formed. At this time occurred the 
notable change in the course of Des :IIoineR River. That part of 
the ancient Yalley of Des l'rloi~cs River which is now occupied by 
Beaver Creek and the part c \st of Ilighlaud Park and Capitol 
Rill, though not wholly oblit°1'lted, had been so deeply filled with 
drift that Des Moines Hiver, "he> it was reestablished, took a new 
course and began to cut tl1at ~mt of it• present valley which Ii<"< 
above the mouth of Raccoon Ri'er. (See fig. 5. ) 
After the Kansan ice sheet lib_lted a very long time elapsed before 
a glacier again reached the site of Camp Dodge, yet two more ice 
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Fr Gu RK 4.-Map sho,ving the nrralgement of streams before the Kansan 
ice sheet bad irvaded this region. 
sheet• invaded Iowa at diffcrcrl; times during this interval. One 
of them (the Illinoian glacier) e~croached on southeastern Iowa from 
Illinois, and a later one ( the Jj>wan glacier) invaded northeastern 
Iowa from the north. (See fig. 3.) Neither of these glaciers seems 
to have reached thLs vicinity. ~uring much of this time Des Moines 
River and its tributaries were 'Tearing dmwn their valleys and dis-
secting the Kansan drift plain and rain and frost and vegetation 
were forming soil from the upper part of tlhe Kansan drift. 
Not long after the Iowan ghuiation of the northeastern part of 
the State there came a time wh~ great dust storms swept over the 
couutry, blowing much fine majerial from the mud flats along the 
rivers and from the surface of tte Iowan drift. The dust was swept 
back and forth and lodged :- o, and there on wooded slopes and 
even among the grasses of the rairie uplands. These dust sto1·ms 
continued until hills, valleys, r "Id upland.• in much of the region 
were mantled with a loose, fiL I buff clay known a.s loess (pro-
nounced !ur!>s with the r obscure). South of the Raccoon River 
valley and also east and west of this district the loess forms the 
subsoil over a great extent of country. It ranges in thicl<ness from a 
few feet to more than 50 feet. Korth of the Raccoon Valley the loess 
is not found at the surface becau<o it is covered by a later deposit of 
glacial drift. It is, however, often encountered in exeavntions at 
places where the later drift is thin. 2'hus at several points in l'a'!!.l' 
Dodge the Ioess was reached in ditches and other excavations along 
the slope of Beaver Creek YalleJ, where it underlies 2 to 4 foct of 
pebbly glacial clay; the loess its'lf is free from pebbl""- .A well on 
top of the ridge near the northea;tern part of the camp reservation 
penetrated more than 27 feet of locss beueath 25 feet of pebbly drift 
clay and 8 feet of sand. 
One of the best exposures of the loess in fuhis region was afforded by 
a big cut made a few years ago on the Chicago, lllilwaukee & 
St. Paul Railway at the cast line of Stor·y County, about 30 miles 
northeast of Camp Dodge, where it lies between two deposits of 
glacial drift. (See fig. 6. ) From such an exposure much of the 
geologic history of central Towll emi be read. The fact that the loess 
overlies weathered and eroded Kansan drift on slopes aud in valleys 
as well as on upland.~ shows that it was deposited long after the 
Kansan ice had melted away-'o long, in fact, that the Kansan drift 
had b<)eu weathered for many feet below the surface and deep valleys 
had been cut into it. The further fact that in the area north of the 
Raccoon River valley the loess is in turn buried beneath glacial drift 
shows that its deposition was follQwed by the invasion of another ice 
sheet. 
The upper drift, which is fre>ih looking and but little weathered, 
lies at the surface or immediately below the top soil throughout 
north·central Iowa as far south a.• I Des Moines. It was left by a fifth 
glacier (the Wisconsin), which ihvaded Iowa and spread over the 
upper Des Moines River valley 'ts illustr:ated in figure 3. The ice 
of the \Visconsin glacier wa.• prdbably not so thick as that of the 
Kansan glacier, for it did not extfud so fa.r south as the Kansan by 
scores of miles. However, even ~ithin a few miles of its edge the 
frontal slope of the ice probably rose murch higher than the dome 
of the Capitol at Des Moines. To the south lay open country; to 
the north an unbroken plain of ice like the present ice cap of Green· 
land. The time during which the Wisconsin ice extended southward 
to the Raccoon River valley, though probably measured in centuries, 
may have been relatively short, as no great terminal ridge of drift 
was formed along its southern margin. If the climate is just warm 
enough to melt the ice at the front of a glacier as fast as it advances 
the front remains in one position, and if this balance is maintained 
for a considerable time the material let down by the melting ice and 
deposited by streams that ftow under, within, and upon the glacier 
accumulates in a great dump, called a moraine. 
There is considerable Wisconsin drift in the ancient river valley 
ea•t of Capitol Hill and Highland Park, but it is not piled up to form 
conspicuous hill•. As the ice melted and the glacial front gradually 
receded, drift was left spread smoothly Qver valley, slope, and upland. 
When the receding glacial margin reached tho vicinity of Camp 
Dodge, however, it became nearly stationary for a time long enough 
to permit the accumulation of a moraine, which now forms a belt of 
knolls and hills that extend westward from the northern part of Camp 
Dodge, across the bottom of Beaver Creek valley, up the gentle 
slope, and on westward across the upland in Grant Township. The 
sharply rounded profiles of these hills contrast strong-ly with the 
smoother, more gentle curves of the adjacent upland and valley 
slopes. The moraine is best developed in Grant Township, Dallas 
C£U:nty, arid . i:>ical morainic hills ma...v lw i;een.... n~,. I nv.fJ'Sl"lJ~ 
station, on tl,.le Chicago, Milwaukee & St. Paul Railway, midway 
between Grirnes and Granger. Other morainic hills occur in the 
western part of Jefferson Township, Polk County, and th,e terrace on 
which the remount 'tation is built and the ridge on which the base 
hospital stands are evhlently eastward continuations of this moraine. 
'l'hc morainic belt i• not very clearly marked on the map, but to it 
are due some of th~ Irregularities of the contour lines that mark the 
border of the south ,]ope of Beaver Creek valley. The marshes and 
ponds in the valley west of Camp Dodge lie in hollows resulting from 
uneven depositiou or irregular settling of the morainal drift. 
When the '\Yi~consin glacier melted it left the valley of Des llloiues 
River partly filled with glacial drift. The floods of water from the 
melting ice also carried down the valley a great quantity of sand and 
gl'avel, some of which was deposited in the neighborhood of Camp 
Dodge. When the glacial waters cea•ed to flow down the valley the 
river began cutting into these deposits, and now remnants of them 
form terraces at the sides of the valley and in a few pl&ces extend 
out on the bottoms. There are several small remnants of gravel 
terraces in sec. 25, R. 25 ,V., and secs. 30 and 31, R. 24 W., of 
Jefferson Township, within the limits of the camp reservation, and 
larger ones to the north, in secs. 3 and 10 of Jefferson Township 
and just at the north edge of the area mapped, 2 miles above High 
Bridge. 
A broad terrace also occupies the lower part of Beover Creek 
valley, and its edge is marked on the map by the contour line of 820 
feet. It is built of line sand that was dropped where r,urrents of 
water coming down the two valleys met. Most of the sand of this 
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F1ounH 5.-Map showing the arrangement ot streams after the Kansan ice 
sheet had melted. 
terrace is too line to be used in structural work, but the sand and 
gravel terraces in Des )foincs River valley afford material of excellent 
quality for building and concrete work as well as for roads. 
The last of the great glaciers in Iowa melted away probably 10,000 
to 20,000 years or more ago, yet the amount of land carving done 
by the stream• in the region of Camp Dodge since that time is rela· 
tively small-not nearly so much as that done by the >trcams on 
the Kansan drift south of Raccoon River. Even Des Moines River 
has barely begun to wash away the Wisconsin drift that was left 
in its valley. The ravines are short, and the creek valleys become 
about Crocker and Alleman, northeast of Camp Dodge, where the 
plain is but poorly drained by the headwaters of Fonrmile and Roel< 
creeks. 
Vvest of Des Moines River valley, withfo the area covered by the 
map, the prairie plain is best represented by the loug, fiat top of 
the ridge west of Grimes, which extends a• far south as Walnut 
Creek. W'est of the headwaters of Walnut Creek the plain rises 
1,060 feet or more above sea level. North of Beaver Creek valley 
the long, gentle slopes rise to the 1·idge that forms the divide between 
Des Moines River and Beaver Creek. The upland is prairie; the 
steeper valley slopes are partly cleared but largely wooded. 
The region south of Raccoon River valley as shown on the map . 
by the crowded contour lines, is rough and hilly. This region is 
part of the Kansan drift plain, and as it has been subject to erosion 
for a very long time its sntface is much cut up by i·avincs a.nd 
valleys, little of the original upland plain remaining. The small 
portion of this surface shown on the map is near the main valleys, 
and the number and the depth of ravines and small valleys here 
are not notably greater than in some similar places farther north. 
The slight erosion of the \Visconsiu drift plain as a whole, however, 
contrasts strongly with the great erosion or the Kansan drift in 
southern and western Iowa, which has bee1; 'Q much dissected by 
streams that scarcely a square mile of the or \,_~i.:.l"l1plaud ren1ains at 
'UHY-'tllm'Iimce. --'botitn oT~t<.~croon- IITver -./ "•e:Y the l<>ess lies at the 
surface and forms the soil except where t has been washed off the 
slopes and into the valleys or where it is overlain or replaced by fine 
sand. Both loess and sand have been blown up in hirge part from 
the rh-er fiat• to the north. 'l'he loe><s Ls at some places 30 feet or 
more thick; at other places it is much t ~inner or absent. Under 
the loess and the sand lies the Kansan d ·ift, a pebbly, sticky clay, 
only the rusty, yellowish, weathered part of which is seen in expo-
sures iu this vicinity. The thickness of the Ka1L'<an drift differs 
widely from place to place and ranges from practically nothing to 100 
feet or more. 
The \Visconsin clrift is a pebbly clay, which in its upper few feet 
is weathered ycllo\V but fai·ther down retains its original grayish 
color. It is thinner than the Kansan drift, and though its thickness 
differs \Videly at different points the 1naximun1 is probably not n1uch 
over 50 feet. At some place; in Camp Dodge only a foot or two of 
the yellow pebbly Wisconsin drift clay lies oYer the shale that forms 
the bedrock of this entire region. On the ridge, however, the dl'ift 
is 25 feet thicl<. Before the adrnnce of the " ' iS<'\llLSin glacier· the 
surface had been exposed for a Jong time to ero"ion hy rain a.nd 
streams, \Vhich had re1novcd much material. tle,•.-(>f" the ,,~Lo;;eonsin 
drift lies in so111e places ou loess, iu others on Kansan llrift, and in 
still others on shale. 
l:."'ver since the \Visconsin glacier melted awa.y successive genera· 
tious of plant.;; have been gro\ving upon the surfa.cc of the plain. 
Their roots have burrowed into the clay and ha,·e loosened and 
lightened its texture. Their stcn1s and 1ca\·C'5, falling on it.;; surface, 
have decayed, and at lea.;.;t a part of their substance ha."! returnecl to 
the ground 'vhence it c..-ime. By these and otltcr prOC'C"l.Ses, " ' i1i"h 
have gone on for thousand.' of yearH, the uppm foot or two of th; 
drift clay has been blackened and made more fc1tile, so that it forms 
an exceedingly rich soil and has given the Towa prairies "ride fa1ne 
for their productivene.'is. Mauy fine fal'lns 1nay be ~e,en fro1n the 
ridge hack of Camp Dodge or near the limits of the rcsermtion. In 
this region, naturally, general farming ha.• bcm practiced to the 
greatest extent, \vith corn and oat<s, cattle an( hogs a."! the 1nost 
valuable products. Market gardening near the eity has al•o pro,·ed 
profitable . 
CLil!ATE, WATER SUPPLY, A:ND ()JAL. 
The climate of the Camp Dodge region_is mar:Iied hy great nria-
tions between the sea.'3:ons, although tho annual :t.\·(·ragc is lltM,rJy 
uniform. The range in temperature from summe1 to wl·,~ter i'i about 
125° F.-from more than 100° above zero to 25° o · more below. The 
average temperature for the year is about 4.9°. r he rainfall, though 
occasionally so great as to cause some inconvenience, is never so 
excessive as to bring di>:iast.er to the community. The annual average 
for the region for a long period is 32.5 inches, or about an incb 
above the average for the State as a whole. There have never been 
serious droughts. 
Rainfall is the source, directly or indirectly, of the water supply 
of the region. The ground water-that which is contained in pores 
and cracks in the soil aud drift and rock-is derived from the rainfall 
either of the immediate locality or of more distant i·egions, and it 
feeds the springs and streams. Des Moines River is affected in only 
a slight degree by the rainfall of the Camp Dodge region, as it and 
Raccoon River head much farther north, but the smaller streams are 
dependeut on the local rainfall, and it is sufficient to keep them flow-
ing, except in their upper courses, the year Nund. In the early 
years of the settlement of this locality abnndanee of water could be 
obtained from wells ouly a few feet deep. "ith the increase in 
cultivation, however, has come a Jowering of theground-,vater level, 
so that wells must now be dug deeper. 'l'he earl7 wells derived their 
supply from the upper part of the drift, from too loess, or from bed~ 
of sand or gravel in the drift or in the valleys. Recent wells have 
been sunk a hundred to several hundred feet to ·each the lower part 
of the drift or the beds of sandstone in the shah that underlies the 
drift. A well in Greenwood Park, Des llioiles, was sunk 3,000 
feet to reach dccper· lying sandstones that carr: abundant supplies 
FIGURE 6.-Deposits exposed in a cut on the Chicago, Milwaukee & St. Paul Rail\vay at the east line of Story County. 
shallow within short distances upstream, so that at their leads they 
are only broad, slight depressions in the upland plain Beaver 
Creek is so young that it has not yet been able to drain he ponds 
and marshes in and west of Camp Dodge. 
THE PRAIRIE PLAIN. 
The prame plain or upland of the Camp Dodge regm is the 
southern part of the extensive plain which was covered b~the Wis-
consin glacier (fig. 3) and which stretches across nortbrn Iowa 
and Minnesota and far into Canada. The map shows that .n general 
the plain in thL5 district is nearly fiat, and flatness is one of ifa strik-
ing characteristics farther north. J<'rom any point of view in the 
vicinity of the few main valleys it stretches away mile aft3? mile to 
the horizon, broken only here and there by a low swell or by a shal· 
low swale which is occupied by a marsh or along which winds some 
sluggish stream. These features are very well shown in the region 
of water. All these well waters are of good quality, and their 
purity may be depended on if care is taken to keep out surface con-
tamination. Some of the deeper wells furnish water that is highly 
mineralized, but the waters from shallower wells in valley gravels 
or loess aud drift are not objectionable on this account. 
Next to farming the most important industry whi<'h is dependent 
on natural resources in the Camp Dodge region is coal mining. Coal 
beds underlie much of the area shown on the map, and mines- have 
been opened at numerous plaoe.s. &wcral arc beiu~ operated in Des 
1\-ioines and others at and near Sa.ylor, Enterpri."le, Berwick, and 
High Bridge. 'l'he coal is fairly soft but of gcod quality and occurs 
in a number of beds at different levels in the shale.. an<l sandstones. 
Some of the beds arc too thin to be worked ; those beillg mined range 
from 3t to 5 feet or more in thickness. The distri('l; shown on the 
mal), wbich ineh1(\es the. 11l\fil11g Te.g\ons of 1?oilt an(\ Da\\a.• counties, 
produced in 1917 nearly 2,500,000 tons, more than one-fourth of all 
the coal mined in the State. 
